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PREFACE. 



Many of the subjects dealt with in the following chapters 
will be recognised as having been issued in pamphlet form 
at intervals during the last ten years for the use of the 
students in the Engineering Department of the City of 
London College. Their extended circulation has, however, 
proved them to be of utility to engineers and architects who 
are no longer in their pupilage, and they are now rearranged, 
with several additional notes, in such form as to be handy 
for reference while designing, so that the volume may with 
propriety find a place upon every drawing*office table. 

The descriptions accompanying the calculations are brief, 
but will be found ample enough to render the whole of the 
working clear and definite to any one who has had the 
ordinary preliminary training in the principles of mechanics 
and theory of stresses. The opening chapters are expressly 
made very simple, to remove any possible difficulty that 
might otherwise be experienced by a beginner in designing, 
and many subsidiary matters are touched upon throughout 
the book as indicative of the intimate knowledge of detail 
which should be shown by a competent draughtsman. 

In designing any structure from these notes, the sub- 
headings should be written on a sheet of foolscap, and th^ 
dimensions found by calculation should be entered under 
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each. This will facilitate the preparation of the design. 
Some parts, as, for instance, the chapter on Rolled Joists, 
may be found more useful for explaining the principles than 
for actual use in designing ; but while there is no necessity 
to work out every rolled joist individually, it must be an 
advantage to know how to do so when occasion arises. 

As a preliminary to actual practice, beginners will find it 
useful to select an example similar to, but not precisely the 
same as, each of the examples given, and to work it through 
upon the same general lines. The course of lectures delivered 
by the author at the request of the Society of Engineers, 
entitled 'Strains in Ironwork' (Spon, 5^.), is recommended 
as giving the needful preliminary information upon stresses 
in a manner easily grasped by non-mathematical men. 

London, 

60 Queen Victoria Street. 

September 1894. 



[A new series of lectures on Designing Ironwork has been com- 
menced at the City of London College, the notes of which will be 
published at intervals as opportunity permits. The first part is now 
ready, the subject being a steel box girder of minimum depth to 
carry loo tons over a span of 50 feet It may be obtained from the 
author, post free, price is, 6d., or through any bookseller.] 
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THE 

PRACTICAL DESIGNING 
STRUCTURAL IRONWORK. 



CHAPTER I. 

SMALL CAST-IRON GIRDER. 
(See Plate i.) 

Detailed calculations and notes with design for : — 

A cast-iron girder {a) supported at the ends (^), with 
parallel flanges (^), of uniform section {d)y to carry a dead 
load {e) of lo tons uniformly distributed (/), over a clear 
span {g) of ID feet. 

The girder will rest upon York stone templates on stock 
brickwork in mortar. 

{a) Cast iron is brittle and crystalline, contains 2 to 
6 per cent, of carbon, can only be cast into required shapes^ 
and separate pieces must be joined by bolts, as distin- 
guished from WROUGHT IRON, which is tough and fibrous, 
contains not more than 0*25 per cent, of carbon, is rolled 
into bars or plates, and separate pieces are connected mostly 
by rivets. 

{b) If supported at one end only it would be called a 
cantilever, and if it had intermediate supports it would be 

B 
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called a continuous girder, each involving a different set of 
calculations. Cast-iron cantilevers or brackets are frequently- 
used, bolted by one end to main structures, or built into and 
projecting from a wall. Cast-iron girders are usually simply 
supported at the ends ; in ordinary construction they are 
never made as continuous girders, as they would then require 
to have flanges of equal section. 

{c) Large girders, whether of cast or wrought iron, are 
frequently reduced in depth from the centre to the ends, the 
top flange forming a parabolic curve, the depth then varying 
as the stress. Sometimes only the portion over the support- 
ing surface is reduced, the curve being the quadrant of a 
circle, or nearly so. 

(d) In cast-iron parallel girders the bottom flange is 
sometimes reduced in width towards the ends to save metal, 
leaving an amount proportional to the stress. The general 
dimensions of each flange are decided by the calculation of 
the area of the central section, and it is not usual to vary the 
thickness throughout the length, owing to difficulties in 
making the pattern. The bottom flange is frequently widened 
at the ends to increase the bearing surface when resting on a 
material of less strength. In cast-iron girders the bottom 
flange is secured to the web, and at the same time stiffened, 
by angle brackets, webs, or feathers cast on. 

{e) When the load is fixed and constant it is called dead ; 
a moving or variable load is called a live load and causes 
greater stress in the girder. 

(/) A load spread over a girder is called distributed, to 
distinguish it from a concentrated load which acts at a few 
points, or at one only. A uniformly distributed load gives 
one-half the strain upon a girder that an equal load concen- 
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trated at the centre would give. Distributed loads generally 
continue over the bearing surfaces, and allowance must be 
made for this in determining the bearing area. A distributed 
load is generally more convenient for calculation when given 
in tons per foot run. 

{g) The clear span of a girder is the distance between the 
edges of the bearing surfaces ; the effective span will always 
be 'greater than this, and may be considered to be the 
distance from centre to centre of the bearing surfaces. 



CALCULATIONS. 

Clear span . . . . . . . 10 feet 

DEPTH OF GIRDER, 

Unless otherwise described this is assumed to be the 
effective or mean depth, or distance between the centres 
of gravity of the top and bottom flanges, pr say centre to 
centre of the flanges. It should be from -^ to -j^j^ of the span, 
average say -ji^. When a parallel girder is built into brick- 
work it may be necessary to consider the height of the 
courses in deciding the total or extreme depth of girder. 
Span = ID X 12 ss 120 inches, ^ of 120 = 12 inches, ^ of 
120 = 8 inches. 
Say effective depth s= 12 inches. 

NET LOAD. 

ID tons . . . . . . *' . .10 tons. 

B 2 



4 Designing Ironwork. 

WEIGHT OF GIRDER. 

With a uniformly distributed load the weight will approxi- 
mately equal 

Net load tons x clear span feet lO x lO ^ i. 

£ -s -s , o'4 ton. 

250 250 ^ 

SAFE LOAD ON BEARING SURFACE. 

York or Portland stone . . .12 tons per ft. sup. 

Stock brickwork in mortar, under a care- 
fully bedded template . . 4 



» » 



WIDTH OF BEARING SURFACE. 

This will be equal to the width of bottom flange, as the 
girder is to be of uniform section. We must for the present 
assume a width, but we can arrive at it very nearly by taking 
the sectional area of bottom flange in sq. inches, as being 
equal to the distributed load in tons . *. = 10 inches, so that 
It may be 10 X i, 9 X ij, or 8 x ij ; 9 x i J would be a 
fair proportion, and we may therefore assume the width to be 
say ........ 9 inches. 

LENGTH OF BEARING SURFACE. 

A certain length will be required to support the load over 
the clear span, an additional portion of load will be resting 
immediately above the bearing surfaces, involving a little 
additional piece of bearing surface, and So on. All this can 
be provided for in one calculation. 
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W = net load + weight of girder in tons. 
w = load per foot run in tons. 
s = safe load on bearing surface in tons per sq. foot 
b = breadth of bearing surface in feet 
/ = length of 

The load on bearing surface consists of . . W -f w / 

and resisting it we have sbl 

and they must be equal, therefore ^ + w I =^ s b ly 
or, put into figures, 

(10+ -4) + ^/= 12 x^/, 

which is the same as 10*4 + i -04/ = 9 /, 
. or by transposition 9/— 1-04/= 10*4, 

or 7-96/= IO-4 .-. /= ^^ = 1-3 feet, 

half of which would be at each end, i*3Xi2-f-2 = 7*8, 
say ........ 8 inches. 

But, as a rule, if a bearing surface is not more than i foot 
wide, the length should not be less than the width ; 
. • . say ........ 9 inches. 

In small girders the bearing surface will usually be suf- 
ficient if the length of girder resting at each end is equal to 
the width of bottom flange, and a margin of 3 to 4^ inches is 
allowed at the sides and end for the size of stone to spread 
the weight over a sufficient surface of brickwork.* 

* When the bearing surface has to be taken on a wall standing in the 
same direction as the girder, and not thicker than the width of bottom 
flange, the stone will be flush with the brickwork, and the safe load per 
square foot on brickwork (4 tons) must be taken instead of safe load on 
stone (12 tons). This will make a considerable length of bearing surface, 
and wiU moreover so fix the ends as to put the top flange of the girder, 
over edge of bearing surface, in tension. In such a case it will not be 
safe to make the top flange smaller than half the area of bottom flange. 
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TOTAL LENGTH OF GIRDER. 

Clear span + two' bearing surfaces =io+ 1*5= 11*5 feet. 

EFFECTIVE SPAN. 

Owing to the camber given to a girder, it may happen 
that it is supported only at the extreme ends, and, in the 
absence of sufficient camber, it might rest only on the inside 
edges of the bearing surfaces ; hence it will be proper to take 
as the effective span the distance from centre to centre of the 
bearing surfaces. 

Clear span 10 feet + one bearing surface 9 inches 

= 10*75 feet- 

(Taking one bearing surface complete is of course the 
game as taking two' halves.) 

EFFECTIVE LOAD. 

_ , ^ ^ net load tons 10 

, Load per foot run =» —. -^—- = — = 1 ton. 

^ clear span feet 10 

Effective load = (Effective span feet x load tons per foot run) 
+ weight of girder in tons = (lo'75 x i) + '4 

= II '15 tons. 

MAXIMUM STRESS IN FLANGES. 

With a uniformly distributed load the maximum stress 
will be in the centre of span, and in all cases is equal in both 
flanges at the same vertical section. 

Effective load tons x effective span feet W/ 

** Coefficient of reaction x effective depth feet ^ kd 

^ "''sx T^ ' "^ '4*9^3* say , . . 15 tons. 
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COEFFICIENT OF REACTION. 

The coefficient of reaction {k) depends upon the position 
of the load, and mode of supporting girder, as explained in 
the author's * Strains in Ironwork/ pp. 24, 25. 

When fixed one end, loaded the other, ^ = i 

„ „ load distributed, k = 2 

Supported both ends, load in centre ^ = 4 

„ „ load distributed ^ = 8 

Fixed both ends, load in centre ^ = 6 or 8* 

„ „ load distributed ^ = 12 or 16* 



PARABOLA OF STRESS.] 

If a parabola be drawn to any scale with a base equal to 
the effective span, and a height equal to the maximum longi- 
tudinal stress, an ordinate from the base at any point will 
give the stress at that point. To draw a parabola of base A B 
and height C D (Fig. i), divide A C into any number of equal 
parts (preferably by successive bisections) and draw perpen- 
diculars I, 2, 3, &c. ; divide A E into the same number of 
equal parts i, 2, 3, &c. ; put a needle at D, and with edge of 
scale against D and i, 2, 3, respectively on A E, draw inter- 
sections across i, 2, 3, &c., on AC; these intersections will 
be points in the parabola, and for ordinary cases they may be 
joined by straight lines without differing much from the true 
curve. 

If the height of parabola is made equal to the effective 

* Authorities differ, but the lower values are more usual. 
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depth of girder in centre, then the height at intermediate 
parts shows the necessary depth of girder at those parts, with 
flanges of uniform sectional area. In this case a parallel 
girder is specified, so that an unavoidable waste of material 
will occur, viz. the amount of web between the parabola and 
top flange. 

SECTIONAL AREA OF BOTTOM FLANGE. 

The safe dead load on cast iron in tension is i^ tons per 
sq. iqch. 

J 5 tons . , 

,*. -—^ =a , . . , . ID sq. inches. 

This is more direct than multiplying the load by a factor 
of safety, and then estimating the section from an assumed 
breaking weight. In the absence of a very stringent specifi- 
cation, followed by competent inspection during manufacture, 
and actual testing of the material, it is impossible to say what 
the breaking weight would be, whereas in limiting the work- 
ing stress to li tons per sq. inch, we know that we are on the 
safe side, and that it would require from 4 to 6 times the 
working load to cause fracture under ordinary circum- 
stances. 

HODGKINSON'S FORMULA. 

A common formula for net breaking weight in tons in 
centre of cast-iron girder, founded on Hodgkinson's experi* 
pients, is :^— 

W = breaking weight in tons in centre. 
q. = area of tension flange in sq. inches. 



Small Cast-iron Girder. 9 

d = total depth in inches. 
/ = clear span in inches. 

--. 26 ad 

w=-p-. 

Applying it to the present case 

26 X IPX say 13 ^^3. 

which for a distributed load would be equivalent to 28 ' 17 X 2 
= 56' 34 ; and allowing a factor of safety of J, ^^'^^ = 1 1 '27 
tons safe working load. 

FACTOR OF SAFETY 

is an amount fixed by practical experience, varying" with 
the material used, and the manner of using. It is the ratio 
of the greatest safe stress to the ultimate resistance of the 
material, such as i, ^, &c., and the calculated resistance of 
any section multiplied by the factor of safety suitable to the 
circumstances, will give the safe working load. 

If structures never deteriorated they might be loaded to 
J of their breaking weight with perfect safety, but to guard 
against ordinary contingencies \ of the breaking weight is the 
maximum permanent load allowable under any circumstances, 
although cast iron is usually limited to \ or \, 

SIZE OF BOTTOM FLANGE. 

The width of bottom flange should be generally from | to 
^ the mean depth of girder, and the thickness from \ to ^q 
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the width, but never less than ^ the width, as there is great 
risk of damage to a thin flange by careless handling. 

f of 12 = 7*2, I of 12 = 9*6. 

Width say 9 inches. 

^-ofg = 1-5, T^of9= -9, 

but the area must be lo sq. inches. .*. — : — ^' . ,' = i * ii. 

9 in. wide 

Thickness say , . . . . . i^ inches. 

Decimals are handier in calculation than fractions, but the 

final dimensions should be in feet, inches and fractions, to 

suit the workmen who make the girder. 

SECTIONAL AREA OF TOP FLANGE. 

Theoretically cast iron is six times stronger in com- 
pression than in tension, but if the areas of the flanges 
correspond to these proportions any defects in the com- 
pression flange, such as honeycombing, &c., would be six 
times as detrimental as in the tension flange, and hence the 
proportion usually adopted in practice is 4 to i. 
^ = . . . . . . . 2 • 5 sq. inches. 

SIZE OF TOP FLANGE. 

The width of compression flange should not be less than 
^ clear span, or there will be risk of bending laterally ; it 
should also not be less than \ width of bottom flange. The 
thickness may be ^ to J the width ; if too thin there will be 
risk of failure by the outer edge buckling or crumpling. 

^ of 120" = 2" minimum, \ of 9" = i -8" minimum. 
Width say 3 inches. 
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J of 3 = I, iof 3 = -75, 
but 2' 5 sq. inches area -f- 3 inches width = '833. 

Thickness say ..•..•! inch. 

In using a cast-iron girder for carrying a load on the top 
flange, care must be taken that the load .rests evenly upon it. 
When used as a bressumer for carrying a brick wall, a course 
of 2-inch York stone templates is generally interposed between 
the top flange and the wall to make up the width, and in such 
a case there is much risk of unequal loading, so that it will 
be safer to add a trifle to the thickness of top flange and 
make it 
say ........ I inch. 

When the load is carried by the bottom flange on one 
side, there will be greater risk of failure by lateral bending, 
and then it may be desirable to increase the width of top 
flange instead of thickness. 

WEB. 

In a cast-iron girder the thickness of web is made pro- 
portional to the thickness of flanges, and not to the shearing 
stress, being always in excess of the latter requirement. The 
web should be | to | the thickness of bottom flange, and 
tapered throughout its depth towards the top. 

|of I-I25 = '75, fof 1-125 = -844. 

T,, . , fl inch at top. 

Thickness say . . . . ^ 

( \ inch at bottom. 

Castings should, as far as possible, be designed to cool 
uniformly, and without any great variation in thickness of the 
different parts, to prevent initial strains being set up in 
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cooling, hence the foregoing limits. Theoretically, the limits 
might be greatly extended, but the various contingencies of 
practical work require the designer to keep well on the safe 
side. 

SHEAR STRESS ON WEB. 

With a uniformly distributed load the shear stress at each 
abutment is equal to half the total load, diminishing as 
ordinates to a triangle, and disappearing entirely at the 
centre of span. Cast iron may be subjected to 2*5 tons 
shear stress per sq. inch of section, but in this web we have 
say II X -J^ = 8*94 sq. inches area to resist a maximum 

stress of = 5*25 tons, being only | — - = '587 of a ton 

2 ^'94 

per sq. inch. 

STIFFENERS OR FEATHERS. 

These are to prevent buckling, and should generally be 
even in number to avoid a centre one, about equally divided 
over girder, 4 to 5 feet apart, same thickness as web, and 
carried out to extreme edge of each flange. The outline in 
cross section of girder may be straight, but is better when 
slightly hollowed. Sometimes small intermediate feathers 
3 inches or 4 inches deep are put in. There will always be a 
stiffener closing up each end of a parallel girder. In this case 
say one at each end, and two others 2 feet from centre line 
on both sides of the girder. 

ANGLE FILLETS. 

Curved fillets, or "featherings," should be put in all 
angles, to a radius of J to § thickness of parts joined. 
Say throughout this girder . . . ^ inch radius. 
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The object of these fillets is to avoid an abrupt change of 
direction in the casting, where the arrangement of the crystals 
in cooling would give a line of weakness. Architects fre- 
quently design castings of all kinds with plain angle fillets 
instead of curved ones, but it is an objectionable practice. 
The weight of curved fillets is approximately. 
Inches radius^ = lbs. per foot run. 

DEFLECTION. 

By Molesworth (p. 169, 2ist edition) the safe deflection of 
a cast-iron girder is -^^ inch per foot span under a test load 
of \ breaking weight, but this is considered to be rather a full 
allowance. 

=-2625, say J mch, 

A formula based upon experiment is as follows : — 

W = gross distributed load in tons. 
s = effective span in feet. 
d = mean depth in inches. 

Deflection = -0005 — 7- 
a 

^ 11-15 X 10-75^ ^ 1 . t 

= -0005 '-^- = -054, say . . ^ mch. 

CAMBER. 

Camber is always given in excess of the calculated 
deflection, in order that the girder may not come down to 
a horizontal line, which invariably appears to sag or drop in 
the centre. Usual camber for a cast-iron girder, J to f inch 
per 10 feet clear span, 
say \ inch. 
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AREA OF STONE FOR BEDDING GIRDER. 

9" X 9" = 81 sq. inches, each bearing surface of girder 

81 X 12 tons on stone . , ^ , 

7 r-;-^j = 243 sq. inches area of each stone. 

4 tons on brick ^^ ^ 

WIDTH OF STONE. 

9 inches bearing of girder + say 4J inches margin beyond 
end of girder =: .... 13 J inches. 

LENGTH OF STONE. 

243 sq. inches area _ q • f, 

I3i inches width —••••• 

These are suitable dimensions, because they are multiples 
of a half brick, 4^ inches. 

CHAMFER AT EDGE OF BEARING. 

In order to prevent the stone from spalling or chipping by 
the load coming too near the edge, it is well to chamfer the 
edge. With small loads the stone may project an amount 
equal to the chamfer, so that the effective span is not in- 
creased. For small spans the chamfer should be about 
li inches per 10 feet clear span. 
Say - . . . . . . \\ inches. 

THICKNESS OF STONE 
generally varies from \ width of girder to \ length of stone. 

Jof9=s4i, iof 18 = 9, 
say •....•• 6 inches. 
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SIZE OF STONE. 



Each stone will therefore be I3i + ij" chamfer = 15" 
wide X 18" long x 6" thick. 



GIRDER PADS. 



A pad of tarred roofing felt should be laid under each end 
of girder to counteract the roughness of the casting and 
secure an even bedding. 



ESTIMATE OF WEIGHT. 
Taken at 37^ lbs. per foot super i inch thick. 

Top flange 11' 6" X 3" X i" =109 lbs. 

Bottom flange 11' 6" x 9" X ij" 363 „ 

Web ii'6"xii" X|f" 322 „ 

Stiffeners 8(ii''x 2^" x if") 46 ,r 

Fillets, say . . . . 4 x 11' 6' 

12 X 11" 

12 X I" 

12 X 4" 



' 62 feet at | lb. 23 „ 

863 Ibsw 



— ^ = -385 of a ton, so that our approximate allowance 
2240 

of '4 of a ton was quite sufiicienty and the design may now be 

prepared, but had the estimate of weight from dimensions 

come out very different from the assumed weight, it would 

have been necessary to revise the calculations before pro-^ 

ceeding with the design. 
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ESTIMATE OF COST, INCLUDING ORDINARY PROFIT. 

Iron and labour -385 ton at £^ los. . . 2 17 9 
Hoisting and erection „ 155. ••059 



Total cost, fixed. . £3 3 6 

Exclusive of any brickwork or masonry, of cost of pattern, 
or of any charge for testing. The cost will, of course, vary 
with the market value of iron and labour, and with the 
number of girders to be supplied. 

Approximate cost of cast-iron parallel girder in ;g^ = '035 W / 
= '035 X 10 tons X 10 feet = • • • ;f 3 ^os. 

For design see Plate i. Figs. 2, 3 and 4. 



; 
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CHAPTER 11. 

FLITCHED BEAM. 
(See Plate %) 

Required a flitched beam of Quebec oak, to carry a dis- 
tributed dead load of half ton per foot run, over a 15-feet 
opening. 

A flitched or sandwich beam generally consists of two 
pieces of timber bolted together with a wrought-iron plate 
between, as Fig. 5. When greater strength is required than 
a single plate will give, it may consist of one piece of timber 
with a wroughtMron plate on each side, as Fig. 6, or of three 
pieces of timber with two plates, as Fig. 7 ; or it may be of 
one piece with a wrought-iron plate on the bottom, as Fig. 8* 
The latter is the best in principle, oWiiig to the iron being 
then under tensile stress only, but it requires firmly securing 
to the timber to prevent any sliding or yielding at the bottom, 
and hence should have angle irons riveted at each end to 
form joggles or cleats sufficient to resist the horizontal shear, 
as A B in Figs. 9 and 10, in addition to bolts or coach screws 
to hold it up* Rolled joists have been used instead of flitch* 
plates, as in Fig. 11, but if so much strength is requisite, and 
rolled joists can be obtained, timber should not be a com- 
ponent, unless for use in shop-fronts, where the wood is 
Useful for fixing fadias to, &d. 

We will assume Fig. 5 to be the pattern required, provided 
that the calculations show it to be suitable. 
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CLEAR SPAN. 

Say IS feet 

EXTERNAL LOAD. 

\ ton per foot run over 15 feet span = -5x15, 
say 7*5 tons. 



•94 ton. 



APPROXIMATE WEIGHT OF BEAM, 

W/_ 7'5 X 15 _ 

120 "■ 120 "" 

TOTAL LOAD ON BEAM. 

From external load 7*5 tons, from weight of structure 
•94 ton, 7'5 + '94= 8*44, say . . . 8-5 tons. 

ORDINARY FORMULA FOR FLITCHED BEAM. 

(See Huist's Handbook, p. 26.) 

b a» total breadth inches, d = depth inches, / = thickness 
flitch inches, L = length of bearing [span] in feet, W = break- 
ing weight in cwts. [in centre]. 

C = 4*o Teak. 

= 3*7 Oak, English or Baltic. 

= 3'2 Oak, Canadian (Quebec). 

= 3'0 Northern pine, Memel and Dantzic. 

= 2'8 American pine and spruce. 

= 2*2 Elm. 
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Teak IS suitable for all cases, but very expensive ; oak for 
damp positions ; pine and spruce for dry ; and elm for wet 
situations. Their practical difference is more a question of 
durability than strength. 



FACTOR or SAFETY. 

l^ox timber in permanent structures the safe load should 
not exceed ^ of the breaking \^eight ; for temporary struc- 
tures it may be as much as \ for dead loads or \ for live 
loads. 

APPROXIMATE DIMENSIONS OF FLITCHED BEAM. 

As the dimensions must be assumed and then proved by 
calculation to be sufficient, we may take 

v^ (^ X gross load tons distributed X span feet) 

as giving roughly the width of side for a square flitched 
beam. 

^ =2t 15 for oak, 18 for fir. 
V^IS >C 8-5 X 15 = i/i9i2-s = say . . 12 J inches. 

THICKNESS OF FLITCH. 

Should be about ^^ that of the wood for fir and pine, and 
about ^ for oak {Hurst). 

It is frequently less than this, and never e>^ceeds i inch 
thick. 

=s 1-25, but try, say « . • . i inch. 



C 2 
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STRENGTH OF ASSUMED BEAM.' 

W«- (Cd+ 30/) = £11. (3-2 X I2-S + 30 X I) 

i- 15 

156 X 70 
=5 — — --^— =5 728 cwt. in centre to break beam. 

728 X 2 for load distrib. ^ ^ r i j j- ^ 

— — ^ =s 7-28 tons safe load dist. 



20 cwt in I ton x 10 fact, safety 



This is not enough, and is due to the flitch plate being 
thinner than ^ of the timber. We require 8 -5, or about 
J more, and might obtain it most economically by deepening 
the beam, but the flitch plate already seems unwieldy. 

To avoid extra charges wrought-iron plates should not 
exceed S cwt. in weight, 30 sq. feet in area, 15 feet in length, 
or 4 feet in width. 

The flitch plate would be about 17' x 12^" X i" or say 
17 feet super, 6 J cwt, 17 feet long, exceeding two of the limits, 
and particularly the limit of weight 

We cannot reduce the length and must be content to pay 
the extra charge for it From the Cleveland district larger 
and heavier plates can be obtained than from the Staflbrdshire 
district, viz. up to 10 cwt, 20 feet long, 4 feet 6 inches wide 
(see p. 59 of the author's * Handbook for Mechanical Engi- 
neers,* Spon, 6f.), but usually the Staffordshire limits given 
above should not be exceeded. 

Under these, circumstances it seems probable that two 
flitch plates would be more suitable. Fig. 6 is a very unde- 
sirable method, on account of the distance from centre to 
centre of the bolts, in the length of the beam, allowing the 
plates to buckle on the compression edge, which they are 
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unable to do when bolted between the timbers. Another 
objection would be that the timber would be used solid, while 
the ordinary method of sawing and reversing enables the 
quality to be seen and facilitates the seasoning, and reversing 
the ends equalises the strength in the event of local defects. 

If, however, we cut the timber into three, and put the two 
flitch plates between, as Fig. 7, we obtain all the advantages 
and none of the disadvantages. 

MODIFIED DESIGN. 

Let us now take the oak in three pieces, each 4 inches wide 
by 12 J inches deep, and two flitch plates, each |-inch thick by 
12 inches deep. We cannot have the plates 12J inches deep 
without paying extra (see p. 40), and the J-inch clearance 
given top and bottom will prevent any possibility of the 
beam resting on the iron only and damaging the supporting 
surface. 

STRENGTH OF BEAM. 

W = y(Cd+3o/) = ii-^(3-2 X 1375 + 30 X -625 x 2) 

1-r 15 

= 848-96. 

^48-96 X 2 ^ g 

20 X 10 t:7 » 

which appears to be just right 



BEARING SURFACE. 

The working pressure on timber across the grain must not 
under any circumstances exceed 

250 lbs. per sq. inch for fir ; 
350 „ „ oak. 
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^ S X 2240 _ ji^g pressure at each end, ^^ = 27*2 

2 ^^ t- 350 . 

sq. inches area. Width of oak 12 inches, ^ ^ =a2'27 inches 

12 

length of bearing necessary, but as a rule it should not be less 

than § the width. 

12 X f = . . • . . . 8 inches 



SUPPORTS FOR BEAM. 

The ends of the flitched beam should rest on York stone 

templates 2j inches or 3 inches thick ; they may be coped 

out of a piece of York paving. Load on each bearing 

8' ^ 
surfaces —2. =5:4*25 tons, therefore the size of stone need 

only be just over i sq. foot area to limit ^the pressure upon 
the brickwork to 4 tons per sq. foot. The actual size of the 
stone will generally depend somewhat on its position. If the 
beam is placed over an opening in a wall, the wall should not 
be less than ij bricks thick, and each template would then 
be I3i inches square. If the beam is placed between two 
walls and at right angles to them the templates might be, say 
13I inches deep and 18 inches on face, supported by brick 
corbels as shown. 

TOTAL LENGTH. 

Span 15' o" + 2 bearing surfaces, i' 4" ^ 16 feet 4 inches. 

BOLTS FOR BEAM. 

There is no rule for the size or spacing of the bolts, 
generally two would be put in a vertical line at each end, and 
the remainder spaced zigzag throughout the beam about 
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3 inches from the edges and 2 feet apart, but avoiding, if 
possible, the placing of a bolt on the lower side of the centre 
of beam. The diameter should never be less than flinch, nor 
under ordinary circumstances greater than i inch ; f -inch and 
f -inch may be considered as the usual sizes. 

As a rule the diameter of the bolts should not be less 
than \ inch more than thickness of flitch to allow of the holes 
being punched instead of drilled, to save expense. 
Diameter say, f + J = . . . . . | inch. 



ACTUAL WEIGHT OF BEAM. 

lbs. 
Oak at 56 lbs. per cubic foot, say . • 960 

Iron at 480 lbs. „ „ • . 820 

Bolts, nuts and washers .... 108 

1888 
1888 ^ ■ 

2-i^='^y •*4*^"' 

which is on the safe side of the assumed weight 

CHECK ON DIMENSIONS. 

Before proceeding with the design it may be well to check 
the dimensions by a more precise method than the ordinary 
formula, viz. by the modulus of section, which presents no 
difficulty. 

For explanation of modulus of section see p. 75 et seq. 

Modulus of section of solid rectangle = -^ «= Z. 

Modulus of rupture, wrought iron, 42,000 . __ 

„ „ American oak, 10,600 > ' ' 
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Coefficient of reaction (See p. 7) an ^. 

/ 4Xi2-5\ g^ 8__ f 140.947 lbs. for 

ly 6 ; ^ ^°'^^ ^ 15-67 X J2 i the wood; 

/ '625XI2' \ 8 ^ ( S3,6o6 lbs. for 

^ 1, 6^) ^ 42.000 X ,5.67 ^ ,2 = { the iron; 

or together 140,947 + S3,6o6 = 194,553 lbs., which at 2240 lbs. 
= I ton, and factor of safety of -jlj^ = 

-^94^3_^ 8-7 tons 

2240 X 10 ' 

Showing that the beam has rather more than the required 
strength. 

COMPLETE DESIGN. 

The complete design may now be proceeded with, see 
Figs. 12 and 13, Plate 2. 

PAINTING. 

The separate pieces of wood and iron should be painted 
all over with thick red lead or oxide paint before being put 
together, and the bolts dipped while hot in boiled linseed oil. 
After fixing, the whole should be painted two coats best oil 
colour and finished approved tint. Should any moisture get 
to the unprotected iron in contact with the oak, black ink stains 
will be caused from the production of tannate of iron, 
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COST OF BEAM. 

£ J. d. 
Am. oak, 16' 6" x I2i" x 12^' =17-8 

cubic feet at i6ar. per load of 50 feet . 2 16 6 
16' 6'' X I2i"x 2"= 34 feet super sawing, 

at pi", per 100 feet super . . .031 
3x21 perforations for bolts to templates 

and fixing same, at i^ . . • o 5 3 
Wrought iron, in flitch plates, 2 x 16' 6" x 

12" X f"= 33 feet super, at 25 lbs, per 

foot super = 825 J lbs. = 7cwt i qr. 1 3 lbs., 

at js. 6d, per cwt . . . .2152 
2x21 holes punched to template, at id, 036 
Bolts, nuts and washers (21 x i-j^ foot 

X I '5 lbs.) + (21 X I lb. for head nut 

and two washers) = SS'I2S lbs., say 

i cwt, at 22s. 6d. per cwt). . • o 1 1 3 
Painting — 
Priming coat on wood and iron=s23 yards 

super, at 4d. per yard . . .078 

Two coats oil, 10 yards super, at 6d, per 

yard . . . . • ,050 

Hoisting and erection, say . . • o 12 6 



Total cost, say ;^8. 



7 19 II 



MAINTENANCE OF BEAM. 

The nuts should be tightened up at intervals, particularly 
after a dry summer, in order to compensate for the shrinkage 
of the wood and to maintain the friction between the wood 
and iron. 
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CHAPTER III. 

RIVETED JOINTS. 

(See Plate 3.) 

Rivets are made with a shank and one head, Fig. 14, and 
after being heated and put in place a second head is formed 
at the opposite end, Fig. 15, which may or may not be the 
same shape as the original head. In girder work the cup, 
snap or button head, Figs. 14 and 15, is usual for both ends, 
except on bearing surfaces where the second head is counter- 
sunk. Fig. 1 6. 

In tank and boiler work the original heads, if not cup 
heads, are cheese or pan heads, Fig. 17, and the second heads 
are generally snap heads for either hand or hydraulic riveting, 
but may be point or cone heads, Fig. 18, for hand work. 
Good rivets, especially long ones, should have a small curve 
under the head as shown in Fig. 14, and the sharp edge taken 
off the hole to match, the heads are then less likely to fly off 
in cooling after being hammered up. Snap head rivets vary in 
shape ; hemispherical are not used at all, as they appear very 
large and metal would be wasted in them. The largest snap 
heads are set off as in Fig. 19, the diameter of shank being 
used as radius. Fig. 20 shows a good proportion, being 
comparatively thin in the centre and thick at the edges ; this 
is started by dividing the diameter into three equal parts. 
Fig. 21 is easily set off but is rather too thin at the edges. 

In ship work, to avoid the thin edge of countersunk rivets 
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as Fig. 16, the holes are sometimes countersunk with a 
shoulder as Fig. 22, and the rivets are also " left full on the 
countersink ** as shown. 

The diameter of head averages i '7 times that of shank, 
with a thickness equal to f of the shank. 



MODE OF FAILURE. 

A riveted joint may fail in various ways : — 

1. By tearing through one of the plates in the line of rivet 
holes, as Fig. 23, 

2. By crushing the rivets against the edge of plate in the 
rivet holes through deficiency of bearing surface, as Fig. 24. 

3. By the wedge action of the rivets tearing the plate 
through insufficient lap, as Fig. 25. 

4. By shearing the rivets through the joint between the 
plates, as Fig. 26. 

A riveted joint, as Fig. 31, may fail {a) by tearing through 
the plate at the first rivet hole ; (^) by tearing through the 
second line of holes and shearing the first rivet, or by tearing 
through any line of holes and shearing the intervening rivets ; 
(c) by shearing all the rivets or {d) by crushing the rivets 
against the edge of plate in the rivet holes. All these points 
require attention in a properly designed joint 

In a continuous j,oint, as Fig. 27, if the lap be insufficient 
failure may occur ; {e) by tearing through each rivet bode. 

FORM OF RIVETED JOINTS. 

When the object of riveting is to connect twa or more 
plates to increase the area, as in tank or boiler work, they 
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may be single riveted, as Fig. 27, or double riveted, as Fig. 28. 
The increased pitch of the latter enables a greater sectional 
area of plate to remain for resisting the stress, and provides a 
greater number of rivets in a given length to be sheared 
through before failure can occur. 

When two or more rows of rivets are required they may 
be chain riveted as Fig. 29, which is adopted chiefly in girder 
work ; or they may be zigzag, reeled or staggered, as Fig. 30, 
which is generally used in boiler work. 

When the ends of two bars or plates in tension are riveted 
together, the rivets may be chain or zigzag, but they should 
be so grouped as to reduce in number towards the outer ends 
of the plates, as in the lap joint. Fig. 31, the butt joint with 
single covers in Fig. 32, or the butt joint with double covers 
in Fig. 33. This arrangement of rivets gives maximum 
strength; for instance, if failure should take place through 
A A, Fig. 31, the full section of plate less one rivet hole would 
have to be torn asunder ; through B B two rivet holes have to 
be deducted, but the rivet in line A A must also be sheared 
for failure to occur. 

RIVET HOLES. 

The nominal diameter of a rivet is the diameter before 
being heated, the hole is larger to allow of the heated and 
expanded rivet entering without difficulty. The hole, whether 
drilled or punched, averages ^ inch larger in diameter (at 
the junction of the plates) than the rivet, and the finished 
rivet of course fills the hole. 

" Usually for all rivets between f inch and i inch diameter 
the holes are drilled ^^ inch diameter larger than the nominal 
size of T\vQt''—Pendred. 
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With some bridge builders, for f inch riveting the holes 
would be punched | inch diameter at small end and the 
rivets (nominally f -inch rivets) would be ^ diameter, but the 
above is the usual rule. 



LENGTH OF RIVET. 

The total length of rivet shank to fill the hole and make 
the closing head is commonly made equal to the total thick- 
ness of plates passed through + (-j^ inch for each joint 
or ^ inch for each plate) + li times its diameter. For in- 
stance, a |-inch rivet would have a snap head ij inches 
diameter and -^ inch thick, with a rivet hole -^ inch diameter, 
and passing through three J-inch plates, would have a length 
from under side of head to point of 2| inches. 



SELECTION OF DIAMETER. 
For rivets passing through two thicknesses of plates 
^-i^ + fk to |/ + f, 
which for two f-inch plates would be 

11 = 1 + 3^ to ^ = 1 + ^, 

say nominally f or | rivets ; and for several thicknesses d «* 
1^ T + f , which for six f-inch plates would be i^g, or say 
nominally, i-inch rivets. 

The usual diameter of rivets in hand riveting Varies, from 
\ inch to f inch, in machine riveting they may be used up to 
\\ inch diameter. 

Fairbairn's rule, which applied more particularly to boiler 
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and tank wofk, made the diameter of rivet equal twice thick- 
ness of plate for plates below J inch thick, and ij times thick- 
ness of plate for plates \i inch thick or oven 



TENSION IN RIVETS. 

Professor Unwin states : " The tension in the rivet may 
be estimated at 21,000 lbs. per square inch of its section, and 
the friction due to this would be about 7000 lbs. per sq. inch 
of rivet section. Experiments show a still greater friction, 
but if the tension in the rivet exceeds the elastic limit, its 
performance cannot be relied upon. English engineers entirely 
neglect the friction in estimating the strength of the joint, 
the reasons assigned being that the amount of tension in the 
rivet is not ascertainable, and that vibrations and other causes, 
tending to slightly elongate the rivet, may, in Course of tim^ 
destroy it altogether/' 

LAI' AND PITCH* 

The least lap and pitch, to prevent the possibility of the 
hole bursting through to edge of plate, or a cfack developing 
between the holes, must allow a clear space of metal in each 
direction equal to the diameter of the rivet Generally a 
joint with f-inch rivets will have a minimum of if inch pitch 
and 2 inch lap in boiler work, and in girder work 3 inch pitch 
with a distance of ij inch from centre of rivet to edge of 
plate. 

The proper pitch for girders will depend upon the hori- 
zontal shear stress in each case. This will be dealt with in 
the design for a wrought-iron girder. 
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ORIGINAL TENACITY OF MATERIAL. 

Iron plates . . 46,000 lbs. per sq. inch. 

Steel plates . . 62,000 „ „ 

Rivet iron • . 62,000 „ „ 

Rivet steel . . 66,0oo „ „ 



TENACITY OF PLATES AFTER DRILLING AND PUNCHING. 
Drilled— increased by 10 or 12 per cent. 

because, of the net area left, no selection of the weakest place 
is possible, and for other reasons. 

Drilled holes should have the edges chamfered to remove 
the burr. 

Punched (soft iron) decreased by 5 to 10 per cent 
Do. (hard iron) „ 15 to 30 „ 

Do. (mild steel) „ 8 to 35 „ 

but the loss in punching is restored if the hole be rimered out 
to ^ inch larger diameter. 

In punched plates the small sides of the holes should 
come together, particularly for flush rivets, or rivets with 
small heads. The punching generally causes a slight bending 
of the plate, which is not objectionable unless the joint is so 
hollowed as to endanger the formation of a collar on the rivet 
shank. 

Drilled holes cost £\ per ton more than punched holes, 
and the quality of the iron is not so readily shown as it is by 
the punchings. 
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AVERAGE TENACITY OF JOINTS, 
in lbs. per square inch on net section. 

Iron Plates,. Stfed t>lates. 

Single riveted, drilled . 40,500 65,ooo 

„ „ punched . 35»400 S5,8oo 

Double riveted, drilled - 43>70O 65,700 

„ „ punched . 39,000 62,000 

RESISTANCE TO SHEARING. 

The shearing resistance of iron and steel bsLrs averages 
J of their tensile strength, but in the case of rivets the 
resistance is from various causes apparently less. The average 
resistance to single shear per square inch of section is 



Iron rivets, punched holes 
„ „ drilled „ 

Steel „ punched „ 
„ „ drilled 



46,000 lbs. 

43,^ if 
S3,ooo „ 
49/000 „ 



so that a f rivet in a punched hole in single shear would have 

an actual diameter of '8 inch, an area of •$ sq. inch, and a 

resistance of 23,000 lbs., which, at a factor of safety of J, 

would give a safe load of 5750 lbs., or 2 * 567 tons. 

A common rule for safe shearing stress on bolts of 

rivets is 

4 ^ = load in tons single shear, 

whence the number of rivets required in a given Case would 

W 
be s* --=, of the diameter for a given load and fittniber =* 



/W 
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In American practice a safe load for shear stress on rivets 
is considered to be 7500 lbs. per sq. inch, or say \ of the ulti- 
mate strength. 

Rivets in double shear = li times strength in single 
shear. 



CRUSHING ACTION IN HOLE. 

Professor Unwin states with regard to this : " The value 
of the crushing stress, which produces injury to the tenacity 
or shearing resistance of the joint, is very uncertain. In the 
case of steel joints there is no indication of injury with crush- 
ing pressures of 50 tons per sq. inch. With the ordinary 
proportion of rivets, the crushing action will in no case need 
to be considered in single shear joints, and only in double 
shear joints when the plates are less than | inch thick." On 
the whole Professor Unwin is "inclined to believe that the 
importance of crushing action has been exaggerated." 



BEARING AREA. 

The pressure upon bearing area of rivets, bolts and pins, 
measured by diameter of rivet X thickness of plate, should 
not exceed ^\ tons per sq. inch, but unless there is any special 
reason for permitting a maximum, the pressure should be 
limited to 5 tons per sq. inch. 

In American practice the bearing pressure is limited to 
15,000 lbs. per sq. inch =* 67 tons, which for a f-inch rivet in 
a |-inch plate would be 4218-75 lbs., or say i -88 tons instead 
of 2 • 567 tons as found by shearing resistance only. 

D 
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SPECIFICATION FOR GOOD RIVET IRON. 

Best Lowmoor, Farnley or other Yorkshire iron, with a 
tensile strength of 25 tons per sq. inch, an elongation of 10 
per cent in a length of 8 inches under a stress of 20 tons per 
sq. inch, and a contraction of 30 per cent in area at point of 
fracture. 

PRACTICAL RIVET TESTS. 

Rivet shank to be doubled close when cold, and also when 
hot, without showing any sign of fracture. To bear a hole 
punched through it when hot with a round taper punch, and 
enlarged to diameter of shank without showing signs of 
cracking or splitting. The head when hot to bear hammering 
down to 2 J times diameter of shank or to J-inch thick with- 
out fraying or cracking at the edges. 



DEFECTIVE RIVETING. 

If the points are not cooled before driving, there is risk of 
the head being formed before the rivet fills the hole, leading 
to permanent set and other difficulties when the load is 
applied. Fig. 34. 

If the riveting is commenced before the plates are properly 
closed, the adjoining rivets may pull the plates together, and 
leave the first rivets loose, Fig. 35. 

If the plates are not drawn close before commencing, 
there is risk of a collar being formed between them, on the 
shank of the rivet. Fig. 36. 
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The rivets should be of the proper length to suit the 
plates passed through, or there will either be too much material, 
leaving a frill as Fig. 37, or too little, leaving an imperfect 
head, or permitting the snap to cut into the plate as Fig. 38. 

If the holes are not carefully placed to template, some will 
be partly blind, as Fig, 39, necessitating drifting and damaging 
the holes, and leading to the probability of the rivets not 
properly filling them. Fig. 40. 

If the holder-up fails to drive the rivet home and keep it 
there while the riveters strike it, the head may be left project- 
ing as Fig. 35. 

If the riveters strike more on one side than the other, or 
in machine riveting, if the cups be not square with the work, 
or in line with the axis of rivet, the head may be formed on 
one side out of line, as Fig. 41. 

All riveting should commence at the outer ends to drive 
the butt joints close and maintain the stiffness of the work. 

Loose rivets, called "clinkers," are discovered by sounding 
with the hammer, or in old structures by the oozing of oil or 
moisture, and should be cut out and removed. 

Cutting off rivet heads and punching out the shanks 
always strains adjoining rivets, and must therefore be done 
judiciously. In boiler work the defective rivets must be 
drilled out. 

COST OF RIVETING. 

A gang of riveters consists of three men and two boys. 
Two of the men are riveters and one a holder-up, one of the 
boys is a forge boy and the other the carrier, the latter is the 
younger. The riveters are paid 5^. to 6^". per day, according 
to locality, the holder-up 4r. to 4^. 6^., boys i^. to 2s. The 

D 2 
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average wages of the gang may be taken ^s £i per day. The 
average cost per rivet for piece work is as follows : J-inch, irf., 
f-inch, i\d.\ |-inch, i^d, ; London prices all through will be 
somewhat higher. An efficient gang can put in 40 f-inch 
rivets per hour if the platers have the work ready prepared 
for them. 

FIELD RIVETING. 

In outdoor work the rivets are heated by putting them 
through holes in a plate placed over the hollow of a fire in a 
small rivet forge, so that the shanks may be made red hot 
while the heads are kept cooler. Care has to be taken that the 
rivets are not over-heated or burnt \ the forge boy is responsible 
for this. The platers connect by plater's bolts the parts 
which are to be riveted together, drawing them as close as 
possible. In the case of an open joint the riveters flog the 
plates, that is hammer them close to prevent a collar being 
formed on the rivet The forge boy picks the rivets one at 
the time out from the perforated plate, as the riveters are 
ready, throws it on the ground to knock the clinker off, and 
the carrier then runs with it to the holder-up and dips the 
point in water before throwing it down to him. The holder- 
up then picks up the rivet, pushes it through the hole, and 
holds the dolly against it, the riveters then strike on the 
point, and the first effect is to swell out the middle of the 
rivet, where it Is hottest, to fill the hole ; by that time the heat 
has crept up to the point, and the force of the hammer knocks 
it down into a roughly rounded shape. One riveter then 
holds the snap or cup tool, on the roughly formed head, 
while the other strikes with the hammer to give it a perfect 
shape. 
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SHOP RIVETING. 

Shop or yard riveting is now mostly machine work, either 
steam or hydraulic, and only the unavoidable junctions of 
parts separated for facility of carriage are made in the field 
or on the site. There is no difference in the general appear- 
ance between machine and hand made rivets except that in 
machine rivets there is more often a frill left round the new 
head. On cutting open and examining the joint, a machine 
rivet shows the hole to be much better filled, and testing the 
two modes of riveting, it is found that machine riveting is 
stronger because of the greater sectional area of the rivet, and 
the better grip upon the plates. The only disadvantage in 
machine riveting is a greater tendency to burst the holes from 
the fluid pressure generated at the centre of the rivet, the 
remedy for this being not to make the rivets quite so hot, 
and it is essential to keep the cup tool of the machine upon 
the rivet for a few seconds after the rivet is made, in order 
that a tight joint may be made. 
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CHAPTER IV. 

WROUGHT'IRON GIRDER, 
(See Plate 4,) 

Detailed calculations and notes with design for : — 

A wrought-iron {a) plate girder (d), supported at the 
ends {c\ with parallel flanges {(I) of uniform strength {e\ to 
carry a uniformly distributed (/) dead load {g) of ij tons per 
foot run (A) over a clear span {i) of 20 feet* 

The girder to rest upon "girder beds" or templates of 
hard sandstone (J) supported by brickwork in mortar. 

{a) See (a) p. i. 

{b) A plate girder, as generally understood, consists of 
top and bottom flanges, each formed of one or more plates, 
connected by angle-irons to a solid web, or web formed of 
plates. Other wrought-iron girders are known as rolled joists, 
lattice girders and box girders. 

(c) See (6) p. i. Wrought-iron girders are frequently 
used as continuous girders, and owing to the tensile and com- 
pressive strengths being more nearly equal in wrought iron 
than cast, there is less difficulty in proportioning the material 
to the stress at different points. 

(d) See (c) p. 2. 

(e) When a girder is made of equal and parallel plates 
throughout, it is said to be of uniform section ; in girders of 
uniform strength the section varies proportionally with the 
stress. 
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if) See (/) p. 2. 

{g) A live load is considered to distress the material more 
than an equal dead load, on account of the vibration set up, 
but in ordinary cases no difference is made between the two 
classes of loads in calculating a wrought-iron girder. For 
railway girders the total load may generally be taken as | 
rolling and J dead load. 

{h) A distributed load should always be given per foot 
run, so that allowance may be made for the portion carried 
by the girder immediately over the bearing surfaces. 

{i) See {g) p. 3. The description and limiting dimen- 
sions here following apply equally well to larger girders, say 
up to 50 or 60 feet span, beyond which plate girders are not 
found economical. 

(J) The stone beds at each end are usually chamfered, 
and may project an amount equal to the chamfer or may be 
flush with the brickwork; the latter is preferable in heavy 
girders, so that the load is thrown well over the body of the 
brickwork. 



CALCULATIONS. 

CLEAR SPAN. 

The nominal clear span of a bridge girder is the width 
between the vertical faces of the abutments, the actual clear 
span will be from edge to edge of bearing surfaces, and the 
effective span will be the distance from centre to centre of the 
bearing surfaces. 

Clear span 20 feet 
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DEPTH OF GIRDER. 

This is measured in three ways ; the depth of the web 
plate is the net depth of the girder, the distance between the 
centres of gravity of the flanges is the mean depth, and the 
distance from outside to outside of the flanges is the gross 
depth. One-twelfth of the effective span is the most eco- 
nomical mean depth. The depth of the web is usually made 
from i to ^ of the clear span, commonly about -^, when the 
span in feet equals the depth in inches ; but in small girders 
it should be made an even multiple of 2 inches, in order that 
market widths of plates may be used, to avoid the extra cost 
of shearing. Market widths run every 2 inches up to ^ inch 
thick, above that every 4 inches. 
Clear span, 20 feet . *. depth of web • . .20 inches. 

In small girders, when the angle iron is considered as 
forming part of the flanges, one wing of each is included in 
the area and the depth of web taken as representing the 
mean depth. 

WIDTH OF FLANGES. 

The flanges, sometimes called booms or tables, should be 
from ^ to ^ of the span in width, or from J to J the depth 
of web ; but room must be allowed for attaching the ends of 
stiffeners when they are bent round to the flanges. In this 
case 12 inches will probably do, but it is subject to modifica- 
tion when the sectional area is computed. In fact, all the 
calculations must be looked upon as tentative until their 
agreement with the subsequent calculations is proved* In 
large girders the figures are frequently revised before being 
finally settled upon. 
Width say . , , . . . ,12 inches. 
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NET LOAD, OR LOAD OVER CLEAR SPAN. 

I • 25 tons X 20 feet 25 tons. 

, WEIGHT OF GIRDER. 

Upon one of the largest English railways the weight of a 
wrought-iron plate girder under distributed load is found as 
follows : — 

W =a total load in tons over clear span. 

w = assumed weight of girder in tons (say \ W). 

/ = clear span in feet. 

d = depth of girder web in feet. 

s = stress in either flange in tons. 

X = working stress in tons per sq. inch. 

a = sectional area of one flange in sq. inches. 

c = constant = 3j or 4 according to proportion of 

depth to span. It is the ratio of the total 

sectional area of girder (including equivalent of 

stiffeners) to the sectional area of one flange, 

and increases as the ratio of depth to length 

increases, because with greater depth the flange 

area will be reduced and the web area increased. 
Then 

id~ " •"' l^"^' 
and 

ca X 12 / = cubic inches in girder, 

cubic inches in girder • 1... r • j - . 

i, > c^-^ — u^ — TT — \ = weight of girder in tons. 

8000 (= cubic inches in i ton) & & 

This is equivalent to ic^eoQ — ^ ^ being ratio of 
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span to depth, but the assumption of J W for weight of girder 

is too much for spans below loo feet, and too little for those 

above. 

A rough approximation to weight of girder is obtained by 

taking 

W/ 

400 

and a better result, good enough for all practical purposes, is 
given by 

W/ /7 

/ being span in feet and d depth in inches. 

25 X 20 /20 

"=■ X K/ — = • • • • • i'3 tons. 

375 "" V 20 ^ 



CHAMFER. 

On edge of bearing surface to prevent chipping, say for 
York stone ij inches per 10 feet clear span. 

20 X li . , 
^ =s ....... 3 inches. 

' This may be reduced with large spans or light loads, and. 
a better formula would perhaps be 



distributed load in tons + Vclear span feet 
10 

25 + V20 _ 2-95, say . . . . 3 inches. 

Granite may have half the amount of chamfer given to 
York stone. 
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l6ad to edge of bearing surfaces 

= load per foot run x (clear span + chamfers when stone 
is flush with brickwork) added to weight of girder. 
I -25 (20 + -25 + -25) + I '3 = 26-925 
say = . 27 tons. 

SAFE LOAD ON BEARING SURFACE. 

The safe load on materials supporting ends of girders 

may be taken as follows : — 

Tons per 
foot super. 
Granite 15 = jj^ ultimate. 

Sandstone and best Portland .. 12 = ^ „ 

Limestone (ordinary) 9 = ^ „ 

And with stone template interposed : — 

Blue brick in cement 9 = ^ ^ 

Stock „ „ ...... 6 = 2*5 „ 

„ lias mortar ...... 5 = ^ 

J. n grey lime mortar . . 4 = J „ 
And below the brickwork; — 

Cement concrete . , 4 

Lime concrete 2 

Natural compact earth • . . . 2 

Made earth rammed in layers . . I 

In architectural work, with dead loads only, these figures 
might perhaps be somewhat increasecj, say up to 50 percent^ 
as a maximum, but for railway work, with engines weighing 
from 40 to 80 tons and running at 60 miles per hour, the 
factor of safety is not top great, considering the difficulty of 
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bedding truly and the irregularity of the mortar joints. 
Every care should be taken to avoid working the stone 
hollow or bedding it hollow, and the brickwork should be 
well grouted as it is carried up. In testing stone the blocks 
are dressed perfectly true and smooth, and placed between 
pieces of pine |-inch thick, so that the stone has every 
facility allowed for showing a high initial strength, which 
cannot be obtained in practical work. 

When the height of a brick pier exceeds six times its 
least thickness, the above loads must be reduced to two- 
thirds. 

LENGTH OF BEARING SURFACE. 

/ = total length of bearing surface in feet, half at each 

end. 
b = breadth of bearing surface in feet, or width of bottom 
flange. 
W = load to edge of bearing surface in tons. 
w = load per foot run in tons. 
s = safe load in tons per sq. foot on support. 

Then by the method explained at p. 5. 

W 27 

/ = -r = 7 r =25 feet, 

sb - w (12 X i) - 1-25 ^ ' 

half this being on each abutment, beyond the chamfers, say 
each end 

2*5 

-^ = 1-25 feet. 

By the common method of calculation no allowance is 
made for the load per foot run over the bearing surface itself, 
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and, as the load continues as far as the girder does, it is 
desirable to make provision for it as shown above. The 
difference in this case by the omission would be ij inches 
less on each bearing. 

Girders over 50 feet span require cast-iron resting blocks 
at the ends over the stone, and over 100 feet span require 
roller bearings to allow for expansion and contraction due to 
changes of temperature. 

EFFECTIVE SPAN 

equals the distance from centre to centre of the bearing 
surfaces. Clear span, 20 feet -f two chamfers • 5 feet, + one 
bearing surface i '25 feet = effective span, say • 21 -75 feet 

EFFECTIVE LOAD. 

Effective span x load per foot run, added to weight of 
girder. (21 '75 X i •25) + 1-3 = say • , 28-5 tons. 

STRESS IN FLANGES AT CENTRE. 

Depth of web 20 inches + i inch assumed thickness of 
either flange = i '75 feet mean depth of girder. 

W/_28' 5 X2i75 ^ 

"85 - ""8x I -75 - 44 28 

= say •..••,•• 45 tons, 

SHEARING STRESS. 

With distributed load « nil at centre, increasing to half 

gross load at edge of bearing surface. Maximum stress 

27 
.-. = -i = . . • , . , 13-5 tons. 
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WEB. 

In small gfirders the web is generally calculated for a direct 
shearing stress of .3 tons per sq. inch, or 2 tons per sq. inch 
when the depth exceeds 2 feet It is not safe to allow more 
owing to the liability of web to crumple or buckle, and in large 
or important girders a more precise calculation must be made, 
taking a strip of the web as a column. 

Maximum shear stress 13 •$ tons, ^ 4*5 sq, inches 

required in vertical section.. Depth of web 20 inches, -^i-? 

;= -225 inch. maximum thickness, but no plate of a girder 
may be less than \ inch thick, therefore, say uniform thickness 
throughout = ...... '2$ inch. 

When depth exceeds 3 feet some engineers. make f inch 
the minimum thickness of web, but this need not be if 
stiffeners are close enough and periodical inspection takes 
place to prevent corrosion. 

When required to be safe against a possibly long-continued 
neglect, and particularly in positions exposed to moisture, no 
part of a wrought-iron girder should be less than f inch thick: 

The horizontal sectional area of web should at least equal 
the gross sectional area of the two flanges at centre, but in 
small girders it will always exceed this^ as the web plates 
exceed the theoretical thickness. 



DIAMETER OF RIVETS. 

All rivets in girders work usually f inch diameter, up to 
maximum of 4 thicknesses of J-inch plates, or 3 thicknesses 
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of |-inch platies. If the plates are f inch thick the rivets 
should be ^ or J-inch diameter. Rivets should never be less 
in diameter than the thickest plate passed through. 

In this girder diameter say • • • « | inch. 

j-inch rivets require not less than 2Hnch angle iron or 
4-inch tee-iron. 

PITCH OF RIVETS. 

In small girders, or girders with thin plates, say up to 
J inch thick, the pitch in compression flange is usually 
3 inches. In girders with thicker plates 4 inches pitch may 
be used without fear of buckling. The pitch in tension flange 
is often 4 to 4^ inches, but is sometimes made 6 inches a^ 
a maximum. Cover plates are generally riveted close pitch 
in order to save unnecessary length. Rivets on bearing 
surfaces are countersunk. Where uniform pitch throughout 
both flanges is desired, 4 inches is usual, except where cross 
girders are placed the multiple of a brick apart (9 inches), 
when 4^ inches pitch is used. 

The pitch at the ends of girder should be close enough in 
the tension flange to provide sufficient shearing area in the 
rivets connecting the web with flange angle irons to resist the 
horizontal shearing stress, which may be taken as equal to the 
vertical shearing stress at the same point Thus shearing 
stress at abutment = 13*5 tons -r- \% feet deep of web = 
8 • I tons horizontal shear stress per foot run. } rivets in single 

8-1 



shear 2*5 tons, double shear 2*5 x \\ = 3'7S. Then 



3-75 



12 
= 2- 16 rivets per foot run, and — ^-^ = 5*5 inches maximum 

pitch. But 4j-inch pitch will be safer and will work in better 
with a 3-inch pitch for the compression flange. The pitch is 
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sometimes altered at the ends of a girder to suit the length of 
bearing surface required, so as to finish evenly ; at other times 
the rivets are close pitched at the ends to meet the horizontal 
shear stress, and then wider pitched over the clear span. 

If the rivets connecting web and angle irons are calculated 
for horizontal shear, there will always be sufficient area in 
rivets connecting angle irons and flange plates ; but some 
engineers decide the pitch of the latter from the sectional area 
of the inner flange plate, providing at least an equal sectional 
area in the rivets between the termination of second flange 
plate and end of girder. 

Up to 12 inches width of flange two rows of riyets are 
usually considered sufficient, extra rivets being put at covers 
and stiffeners. When exposed to the weather additional rows 
of rivets are desirable to close the plates and keep out 
moisture. 

Top flange, compression, pitch « • . . 3 inches. 
Bottom „ tension, „ « . . 4J „ 

TOP FLANGE* 

By Board of Trade regulations wrought-iron plate girders 
may be strained to 5 tons per sq. inch both in tension and 
compression, but wrought-iron is not so strong in compression 
as in tension, and 4 tons per sq. inch is therefore the usual 
limit of working stress in compression, no deduction being 
made for rivet holes, as the rivets are assumed to fill them. 

The rivets should perfectly fill the holes in the finished 
work, or there will be a permanent set caused when the load 
comes on the girder, and an undue stress may be thrown on 
certain parts. 
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45 tons stress in centre . , ^.1 

- — 7 -' — r — = 11*25 sq. inches sectional area; 

4 tons per sq. inch ^ ^ ' 

assumed width of flange 12 inches, -^ '9375 inches thick 

. • . say ... 2 plates, each 12 inches x \ inch. 

The gross area of one side of each angle iron is frequently 
taken into account as forming part of the flange, in the 
present example the omission is made as being on the safe 
side and somewhat simplifying the work. 

According to * Notes in Building Construction * (Longmans) 
vol. iv. pp. 163-4, Prof. Unwin sa^s the thickness of girder 
flange plates should not be less than ^^ of the span. This 
rule is however of very limited use, as it could only be applied 
to girders between 20 apd 50 feet span. 

Engineers generally prefer J-inch and f-inch plates for all 
cases, but in heavy work |-inch is not objected to. Some use, 
and others object to, plates having an odd sixteenth of an inch 
in the thickriess. 

Sometimes the bottom flange only is calculated and the top 
flange made equal to it, but as the circumstances are different 
it is safer to calculate both. 



BOTTOM FLANGE. 
Tefnsioh at 5 tons per sq. inch, deducting fivet holes, — 

3 

= 9 sq. inches net sectional area. Flange 12 inches wide, 
deduct two J rivets through angle irons, and two | rivets 
through edge of plates, 4 X | = 3 inches, 12 — 3=9 inches 
net width, 9 sq. inches area -^ 9 inches wide = i inch thick, 

say .... 2 plates, each 12 inches x \ inch. 

E 
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Some engineers deduct i inch for every | rivet if holes are 
punched, but this is not necessary when a fair margin is 
allowed throughout the other calculations. The hole for 
a I rivet would generally be \^ inch bare. 

Approximate area of flanges = | W (W being net load in 
tons) which would give in this case 9*375 sq. inches, or rather 
more than the actual requirement. 



TOTAL LENGTH OF GIRDER. 

Should be a multiple of the pitch of the rivets, if the pitch 
is to be kept uniform throughout. 

Clear span 20' o" + chamfers 6" 4- bearing surfaces 2' 6" 
together = 23^0" 

In this case the 4j-inch pitch for tension flange must be 
modified at the ends, as 23 feet is not a multiple of 4 J inches, 
although it is of 3 inches* 

The ends will be closed by f-inch plates, the same depth 
as the web, and covered top and bottom by the inner flange 
plates. 



LENGTH OF OUTER PLATES OF FLANGES. 

When there are two plates the outer one is about f 
extreme length of girder ; the exact length is found by the 
parabola in designing. In this girder each flange has two 
plates. 

.'. 23 X f = 15-33 length of outer plates, 

say = . • • . . , 15 feet 4 inches. 
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DEFLECTION IN CENTRE UNDER FULL LOAD. 

s = effective span in feet. 

d = mean depth in inches (say web + top flange)* 

•015^2 "015 X 21-75* o . 1. 

— f- = ^ ^^ = -338 inch, 

a 21 

say • • . . w * < . f inch* 

For railway girders the Board of Trade allows } inch per 
100 feet span (= yg'jn)) for deflection caused by maximum 
rolling load beyond the deflection dUe to maximum dead 
load. 

CAMSer. 

The usual camber is J inch to 4 irich per to f^et cleat 
span, but is sometimes made slightly in excess of the aggfe* 
gate thickness of short plates and covers in bottom flange, 

say = ..*...! inch. 

•^10 

EXPANSION tJNDER E5iTREMB TEMPERATURE. 
Say Y^ inch per 100 feet. 

2^ X -t^a 

-~~^ = say -^ inch, which is not worth considering, as 

ends of girders should always have i inch clearance. Girders 
over 50 feet long should have a cast-iron slipper, very large 
ones have roller bearings^ tf ends are rigidly fixed, a differ- 
ence of temperature of 75° F. will cause a stress of 5 tons per 
sq. inch, or i ton for every 15° F. 

E 2 
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COVER PLATES TO JOINTS. 

When the plates or angle irons run over the ordinary- 
market dimensions,* butt joints must be made, covered by- 
iron of same sectional area, and held by a sufficient number 
of rivets to give an equivalent sectional area on each side 
of joint. Staffordshire plates should not exceed $ cwt, 
30 sq. feet, 15 feet long, or 4 feet wide. Cleveland plates 
should not exceed 10 cwt., 60 sq. feet, 20 feet long, 4 feet 
6 inches wide. Angle irons up to 4 X 4 X | may be had 
30 feet long, and should not exceed 35 feet long. In this 
girder allow for joint in middle of web, and one in centre of 
first plate in each flange. 

COVER PLATES TO WEB. 

In a thin web these bear no proportion to the strain. 
Depth, say 20" — s" for angle irons =15 inches. Width, say 
two J rivets + four | margins = 4^ inches. Thickness, 
say i inch. 

' = . . 2 plates, each i s" X 4i" X J". 
Where the web plates vary in thickness the covers are 
made equal in thickness to the thicker of the two plates 
joined. 

PITCH OF RIVETS IN WEB COVERS. 

Rivets in each side of joint must be proportioned to the 
vertical shear stress. , With a uniformly distributed load 
there is no shear stress in centre, therefore the pitch of the 
rivets in these covers may be made at pleasure, but usually 
made, say ....... 3 inches, 

* See the author's * Handbook for Mechanical Engineers ' (Spon, 6^.), 
3rd edition, p. 59. 
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COVER PLATE TO JOINT IN FIRST FLANGE PLATE. 

Sectional area of part cut through = 12" x i". Area of 
one I" rivet = '44 sq. inches; but worth say '5 sq. inches, 
on account of the hole being punched slightly larger than the 
rivet, which the rivet afterwards fills. The friction between 
the plates, owing to the contraction of the rivets in cooling, is 
also worth something, but does not enter into the calculation. 
Net area of part cut through (12 inches — four J" rivets) x i" 
= 9 X i = 4'S, and ^^ = nine rivets, as the minimum number 
in cover plate on each side of joint. To allow sufficient 
bearing area against the rivets in thin plates, the number of 
rivets on each side must always be greater than f of the net 
width of flange in inches. With a central web, the number 
must also be even. Pitch = 3 inches, say arrangement thus : — 



X X 
XXX 
XXX 

X X 



X X 
XXX 
XXX 
X X 



making ten rivets on each side, and a total length of cover 
plate of 18 inches for top flange, and 25 inches for bottom 
flange owing to greater pitch ; although when the plates in 
compression butt against each other and are planed at ends, 
there is theoretically no cover necessary on the compression 
flange. The outer plate of each flange must have the ends 
carried beyond the parabolic curve of stress (see Figs. 50 and 
51) by an amount equal to half length of cover plate. The 
dotted lines C D on Figs. 50 and 51 show the theoretical 
termination of the plates, or where the parabola ends. 
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COMMON PROPORTIONS OF ANGLE IRONS. 

2 X 2 X i 3i X 3j X i 

2jX2iX:^ 4X4X^ 

3X3xf 4ix4^xf 

also 

4X3XJ 6X4Xf 

but either size may vary in thickness from the preceding to 
the succeeding one. 



SIZE OF ANGLE IRONS. 

Say i to J width of flange, and thickness from ^ to |^ the 
width of sides, but width - 3 times thickness must not be less 
than if times diameter of rivets. 

^ = 3, ^ = 2-4, say 2-5 width. 

And, to avoid crumpling of the compression flange, the plates 
should not project more than 8 times their least total thick- 
ness beyond the angle iron on each side. 

"-^^^+^* + ^^ = 31 actual projection. 

J" plate X 8 = 4" allowable projection, so that 2J will do for 
the width. Try thickness = f , then 2*5 - (3 X |) = i • 375 
and if X f = 1-3125, . •. I will do, and angle irons will be, 
say 2j X 2j X f 
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STIFFENERS. 

Placed 3 to 6 feet apart according to judgment, say in this 
case single bent angle irons on each side 2 J" x 2|" x f ". One at 
each end of girder on each side of web closing up end of girder 
with |-inch plate, another pair over edge of each abutment, 
where the shearing stress is at a maximum, and remaining 
space divided into equal parts, giving even number of stiffeners 
say 4 feet apart. Length of stiffener over all, approximately 
= depth of girder + width of flange = 20" + 12" = 2' 8". 
The rivets should be continued through web and stiffener as 
near to the knees as possible, say 4 to 6 inches pitch, or in 
this case 4 rivets. In larger girders 5" x 2^' and 6" X 3" 
tee irons are often used, also double angle irons with gusset 
plate between. 

AREA OF STONE FOR GIRDER BED. 
Each bearing surface of girder 15" X 12" = 180 sq. inches 

=— v-. = 540 sq. inches area of each stone. 

4 tons on brick 

With girders under 50 feet span some engineers give 6 inches 

outside the girder all round, and over 50 feet span 9 inches, 

and double these dimensions next to edge of abutment for an 

" outside " girder. 

WIDTH OF STONE. 

Three inches chamfer + i' 3" girder +, say 3 inches margin 
beyond girder = . . . . .1 foot 9 inches. 
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LENGTH OF STONE. 



Width i' 9" = 21 inches — = 25*7 inches : but should 

be multiple of 4 J" or 9" to suit bonding of brickwork, make it 
say = . . . . . . ,2 feet 3 inches. 



THICKNESS OF STONE. 

Varies from say \ width of girder to \ length of stone. 
By formula up to 60 feet span, \ span in feet + 4 = thickness 

in inches, but should be even multiple of 3 inches to suit height 

2 X 20 

of courses in brickwork 1- 4 = 12 inches thick. From 

S 

60 to 120 feet span, yj^ of span + 2 = thickness in feet for 
sandstone or (imestone. Above 120 feet span, the girder 
should rest on granite. 

Size of each stone will therefore be 2' 3" x i' 9" X i' o". 



BEDDING OF GIRDER. 

Girder to be bedded on two thicknesses of tarred or 
asphalted roofing felt, with sheet lead between weighing say 
8 lbs. per sq. foot. The lead is for equalising the pressure, 
and the felt to prevent contact between the lead and iron. 
The lead is now frequently omitted, but in any case the stone 
bed should be dressed true, allowing for the loss of camber as 
the load comes on. 

FIXING GIRDERS. 

When used in a building, wrought-iron girders frequently 
have cross tails of 3" X 3" X J" angle iron, 2 to 3 feet long, 
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bolted across ends on top to hold walls together, but this is 
objectionable on account of the alteration of length produced 
by change of temperature. The same objection applies to 
bolting the ends of girders through a wall. The walls should 
be entirely self-supporting. 



ESTIMATE OF WEIGHT FROM DIMENSIONS. 







lbs. 


Top flange, ist plate 


. 23' 0" X 12" X i" 


= 460 


2nd „ 


say % ditto 


= 307 


Bottom flange, 1st plate . 23' 0" x 12" x i" 


= 460 


„ 2nd „ 


say f ditto 


= 307 


Angle iron . 


4(2i" X 2i" Xf") x"23'0" 


= 536 


Web . 


. 23' 0" X I' 8" X i" 


= 384 


Stiffeners 


16 (2i" X 2i" X f") X 2' 8" 


= 249 


End plates . 


2x1' 9" X 12" X 1" 


= 53 


Covers to flanges . 


. (2' I" + I' 6") X 12" X i" 


= 71 


web 


. 2 X 15" X 4j" X r 


= 9 
2836 


Rivet heads, 


say 5 per cent on above . 


= 142 



2978 

At 40 lbs. per foot sup. i inch thick, the weight = 2978 lbs. 
= I '3294 tons, and the approximate weight having been 
taken at i '3 tons, the difference is so slight that the designing 
may be proceeded with ; but if any variation is made in the 
dimensions while designing, care must be taken that the 
weight allowed for is not materially exceeded, or fresh calcu- 
lations must be made. 
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ESTIMATE OF COST, INCLUDING PROFIT. 

£ s, d. 
Iron at ;^ 10 per ton . . . 13 3 I 

Labour at ;^2 los. per ton . -359 
Erection st £1 per ton . . .164 



Total cost fixed . . ;^I7 15 2 

Including a priming coat of red lead or oxide paint, but 
exclusive of any brickwork or masonry, or of any charge for 
testing. The cost will, of course, vary with the market value 
of iron and labour. Approximate cost of wrought-iron girder 
£ = • 036 W/. Convenient figures for remembering are wrought 
iron about I ^. per lb., | inch rivets 2d. each. 



QUALITY OF MATERIAL. 

The material of this girder is assumed to be of the best 
quality, and the manufacture carried out under a specification 
of quality and tests, such as are given in Chapter XII. 

Girders are too often designed for present use only, instead 
of with a view to their stability in twenty or fifty years* time 
under, perhaps, more severe conditions. Considering the 
risks of oxidation (particularly in wrought iron), increased 
loads, settlement of foundations, &c., even the best material 
and workmanship require a considerable margin of present 
strength for future safety. 
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PARABOLA OF STRESS. 

For general information on this point see the author's 
* Strains in Ironwork/ There are several methods of con- 
structing parabolas ; the best for girder work is that shown 
in Fig. 42. In the development of flange plates and covers 
(Figs. 44 and 46), if it is desired to take into account any 
portion of the angle irons, say one side of each, the area must 
be divided by the width of girder flange to give equivalent 
value of angle iron in plate thickness. The height of parabola 
is usually made equal to the calculated thickness of flanges, 
e. g. in this girder top flange = "9375, bottom flange = i inch. 
When the height of a parabola does not exceed \ of its base, 
it may be replaced without sensible error by a circular arc, 
with the centre upon a prolongation of the axis of the 
parabola. In practical work this method would usually 
require trammels. 

DESIGN. 

In working out the design, all the preceding dimensions 
are subject to modification if required ; but a good draughts- 
man makes very little deviation from his first figures. The 
accompanying sheet (Plate 4) explains itself. 
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CHAPTER V. 

ROLLED JOIST. 
(See Plate 5.) 

Required a rolled iron girder, 20 feet span, supported at 
the ends, to carry one rod reduced of 9-inch brickwork. 

Rolled girders or joists are manufactured from puddled 
wrought-iron bars, cut up into short lengths, piled, heated, 
welded under steam hammer, rolled into a blooniy re-heated, 
passed through grooved rollers approximating to, and finally 
exactly of, the finished section required. The iron is of 
common quality, and generally red-short, i.e. containing 
sulphur, and therefore unsuitable for working at a red heat 

Small rolled joists are much used for fire-proof floors, being 
bedded in concrete. They are protected against rapid heating 
in case of fire by the concrete enveloping them, but they are 
not strengthened by it unless they are so narrow as to be 
deficient in lateral stiffness without some such support. The 
strength of the concrete itself as a beam should be neglected, 
unless the span is so short as to render it appreciable, say 
thickness not less than \ span. 

Larger rolled joists are used in place of cast girders or 
plate girders, especially by architects, and are in many cases 
very suitable, but there are limits to their economical use which 
are not always observed. 

Generally, a section can be selected from a maker's list, 
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where the various sizes are tabulated with the safe loads for 
different spans. We will, nevertheless, go through the calcu- 
lations first, and afterwards compare the result with the lists. 

A Rod of Reduced Brickwork contains 272 feet 
3 inches super, always called 272 feet of ij bricks thick, or 
306 cubic feet, and when laid in mortar weighs, 
say . . . . . . . . 15 tons. 

The 306 cubic feet is made up of 71 cubic feet of mortar 
and 23s cubic feet of bricks, as follows : — 

APPROXIMATE CONTENTS AND COST OF A ROD OF 
BRICKWORK. 





£ s. 


d. 


I cubic yard ground stone lime at \6s, . 


16 





l\ loads clean sharp sand at Sj. 


17 


6 


Add labour, say . . . * . 


7 


6 


„ water „ . 


5 







2 6 






Forming 71 cubic feet, or say 3 '^yards 

mortar at 15^. 4d. per yard . .260 

4350 hard well-burnt London stocks (con- 
taining 235 cubic feet net) at 35^. 
per thousand ^ 

Add labour, say 

Scaffolding, say . . . 

Total net cost per rod 
Add profit, IS per cent 

Say ;^ IS los. per rod. 
Taking finished work roughly at id. per brick == 4350 
at id. = £iS 2Si 6d. per rod* 



. 7 12 


3 


. 3 





lO 





. 13 8 


3 


2 


3 


IS 8 


6 
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Builders usually reckon only 4300 bricks in a rod of brick- 
work, on account of voids in the walling. 



HEIGHT OF WALL. 

If one brick thick, = 9 inches, it will be 
306 cub. ft in rod 



•7s ft. thickness x 20 ft span 



= 20*4, say . 20 ft 4|in. 



If I J bricks thick, = 13J inches, commonly called 14 inches, 
it will be 

^- = 13-6, say ... 13 feet 7i inches. 

1*125 X 20 *^ ' -^ J /4 

But usually in London work the height will be a multiple of 
3 inches as four courses generally occupy i foot in height. 
The rougher the bricks the thicker the requisite joint to give 
a uniform bed. The rule for best work is that no four courses 
of bricks, including three joints, shall gauge more than one 
inch beyond the same bricks laid dry. 

If the brickwork were thicker than 9 inches, it would be 
carried by a wrought-iron plate riveted on top of rolled joist, 
or by pieces of 2-inch York paving laid on the joist, equal in 
width to the thickness of wall. 



CLEAR SPAN, 
Say ....... . .20 feet 

DEPTH OF GIRDER. 

This is usually measured over all, including both flanges, 
and may vary from 3 inches to about 15 inches, or more in 
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special cases by rolling top and bottom half separately, and 
welding the web. The depth should be from -^ to ^^ of the 
span, but is sometimes very shallow on account of the limited 
space available for thickness of floor, say ^ to ^ of span in 
extreme cases where deflection is of no consequence. 

In this case ^ to ^ = 16 inches to 12 inches, make it, 
say ........ 14 inches. 

The strength varies directly as the weight of the flanges for 
any given depth, but a deep girder will be stronger than a 
shallow girder of the same weight. The weight apart from the 
dimensions is no criterion of the strength. 

WIDTH OF FLANGE. 

May be of from J depth of girder in large sections to full 
depth of girder in small sections, generally J to f ; an average 
may be taken of ^ depth, but the width should not be less 
than ^ of the span, when unsupported at the sides, in order 
to guard against the risk of lateral flexure of the compression 
flange. 

J 14 inches =4| inches, | 14 inches =9j inches, \ 14 inches 

= 7 inches, = 6 inches. 

40 

.". make this, say. ..... 6 inches. 

MARKET DESCRIPTION. 

The market description of rolled joists and girders is by 
the weight in lbs. per foot run for a given depth and breadth, 
They can be rolled thicker, say \ inch as maximum, or up to 
ID per cent, heavier, to increase their strength. The same 
rolls being used the diff"erence is made in the thickness of web 
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and width of flanges. The variation of thickness in rolling is 
not a good method of adjusting their strength, as any 
departure from the normal proportion will make the web too 
thick or too thin for economical use of the weight. 

When the flanges have much taper the advantage of thicker 
rolling is increased. 

WEIGHT OF GIRDER. 

The actual weight depends upon the proportions adopted 
for the section, approximately it will be about 

WL 

-^=^ X ^ = lbs. per foot run, 

where W = safe distributed load in tons. 
L = span in feeti 
D = depth in feet. 
c = constant = '2 to '25. 

t4? ^ -^ = SI -4 lbs., '\^ X -25 = 64-32 lbs. 
say . . . i . . 60 lbs. per foot run.. 

LOAD TO EDGE OF BEARING SURFACES. 

iStons + 2o(^^)= .... 15-536 tons. 



Length over bearing surfaces* 

Say sandstone template on stock brickwork in cement, the 
safe loads being respectively 12 and 6 tons per foot super. 
(See p. 43.) 



Rolled Joist. 65 

When the load to be carried terminates at edge of bearing 
surfaces, the length of each bearing surface in feet will be 

\ (external load + weight of girder) 

^ safe load on bed x width bearing surface feet 

^i(l5±:S36) =.1.29 feet; 

12 X -5 ^ 

but in this case the brickwork will, without a doubt, be con- 
tinued over the girder as far as the latter extends, and there- 
fore the bearing surface will have this additional load to carry. 
Then we must find the equivalent per foot run, thus 

15-536 



20 feet span 



• JJ^^ tons per foot run. 



W 

and / = -^ — , as at p. 44, 

so — W r -rr 

or / = 7 ^. ■ ■ — -^ =» 2 '97, or say 3 feet total, 

(12 X T^g) - -7768 ^/> / ^ 

= say . . » , . . 18 inches each end, 

being \ (2*97) - 1*29 = '195 feet, or 2f inches more than 
common calculation would show to be necessary. 



CHAMFER ON STONE. 

As the chamfer to prevent chipping at the edge of bearing 
surface adds to the span, it is desirable when possible to let 
the stone beds project by the amount of the chamfer to leave 
the span unaltered, see Fig. 52, 

Wtons + ^span feet 15 + J 20 . , 
^-^ at -^—j^ — *= I *947> say 2 inches. 

In architectural work, for dead loads only, this may be reduced 
by one-half, making it, say . . . • i inch. 

F 
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It is important not to omit the chamfer on stone under 
rolled joists owing to the absence of camber, and subsequent 
deflection. When bedded on tarred felt the risk of fracture 
is minimised but not entirely removed. 

FACTOR OF SAFETY. 

The safe loads specified by makers are intended to be, in 
most cases, not greater than \ breaking weight, and in some 
cases much less, in order that the deflection may not be 
objectionable* The Butterley Iron Company give \ breaking 
weight as the safe steady load, and i to ^ as safe moving load. 

For a live load, where the depth is less than -j^ of the span, 
a factor of safety of ^ should be taken. 

In ordinary wrought-iron plate girders 5 tons in tension 
and 4 tons in compression are considered to be the proper 
working loads per sq. inch ; rolled joists, being of harder iron, 
may well be allowed 5 tons per sq. inch for ordinary cases, 
both in tension and compression, the flanges being made 
equal, and any risk from reversal of position avoided. 

AREA OF FLANGES. 

By ordinary formula for rolled joists, supported at both 
ends, loaded in the middle, 

where W = breaking weight tons centre ; 
• ^ = area bottom flange + ^ depth web (remainder of 

web assumed to resist shearing only) ; 

d = depth in inches ; 

L = length or span in feet ; 

C = constant ss 7 for rolled iron joists ; 
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or by transposition, 

WL 

but the load being distributed, only half the stress will be 
induced, and therefore, allowing a factor of safety of i, 

15*536 20 

a = ^ ^^ X 4 X = 6-34- 

2 ^ 7 X 14 ^^ 

.', each = ...... 6*34 sq. inches. 

MEAN THICKNESS OF FLANGES 

should be from J to ^ of the width, width is 6 inches, there- 
fore thickness i inch to i inch, 

mean thickness, say .*..*. f inch, 
but area of flange + J area of web, must at 6*4 inches, 
therefore, actual thickness is subject to confirmation. 

THICKNESS OF WEB 

should be from iV to ^ depth, which is very much ill excess 
of the web in plate girders, owing to the absence of vertical 
angle iron or other stiffeners, 
it = -875, it = • S83, say . * - . f inch. 

SECTION OF GIRDER. 

This may now be sketched out as in Fig. 53, and the 
detail of flange sketched out for calculation, as in Fig. 54. 

SECTION OF FLANGES. 

Assume dimensions that will give about the area required, 
and be in accordance with the foregoing proportions. The 

F 2 
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first trial will probably show some modification is necessary 
to give the precise area required, and ultimately Fig. 55 will 
be obtained. 

DETAILED AREA OF FLANGE. 

This may be measured from drawing, by planimeter, or 
calculated in detail as follows : — 



a + a ^ -375 X -25 X 2 


= -1875- 




4 
c + c ^ (-625 + 1) X I -9375 


= -0982 


Flange 


= 3-1484 


5*0591 


d = 1-625 X I 


= 1-6250, 




« + « = (. X -5) -'f 


= • 1073 


Web 


/ = 2 X -625 


= 1*2500, 


I -3573 



6*4164 sq. inches 
or very slightly in excess of area required by formula. 

ACTUAL WEIGHT OF GIRDER. 

Area of flange + J web as above = 6 '4164 

do. ' do. = 6*4164 

Remainder of web, 8 x '625 = 5 '0000 



Total sq, inches area of section = 17' 8328 

3j 

53-4984 
5*9443 



59-4427 
say ...... 60 lbs. per foot run. 
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. COMPARISON OF AGENTS* LISTS. 

Rolled joist 14" x 6" x 20 feet span. 

per foot run. 
The Butterley Co. (14 x 6i) 59 to 62 lbs. 15*4 tons safe load 
W. H. Lindsay . . 
Homan & Rodgers 
Measures Bros. . . 
M. T. Shaw & Co. 
J. O. Gardner & Co. 
Macnaught, Robertson & Co. 
Drew, Bear, Ransome & Perks 

Rownson, Drew & Co 

W. Rammage & Co 

C. Williams & Co. (14 x Si) 



60 „ 


\6 


60 „ 


15*4 


60 ., 


iS-2 


60 „ 


15*0 


60 „ 


150 


60 „ 


14-8 


58 „ 


125 


56 „ 


II-9 


56 „ 


15-0 


56 „ 


13-5 



In all cases, span x safe load == constant, except for 
extreme spans, so that the constant for any girder divided 
by the span in feet = safe load in tons distributed. See table 
at p. 82. 

The variation in safe load given above may be accounted 
for by slight differences in the proportionate thicknesses of the 
parts ; it will, however, be instructive to ascertain by other 
formulae the strength of the rolled joist we have decided upon, 
the full section of which is given in Fig. 56. 



STRENGTH BY LEVERAGE. 

This meth9d is simple, and easy to understand on the 
supposition that the flanges resist the whole of the bending 
stresses. See p. 35, * Strains in Ironwork.' 
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^ distributed load tons X \ span feet 

Area i flange - ^gan depth ft. x 5 tons per sq. ia safe load* 

^^r AO ad 
and by transposition W = — 

d = mean depth feet = -^— — — = i '094, 

... ^,40XS-06xi-094,„ tons. 

In case we should have made some mistake in our 
leverages, let us try the ordinary formula for a flanged beam, 

viz. : — 

W/ 
• Stress in flange = -^-j , 

o CC 

and allowing S tons per square inch safe load, 

W/ 
Area of flange = -^^ ^ 5, 



and by transposition, 



W = ^—, — as before. 



We know the formula to be approximately true for large 
girders, and we see that it is founded upon a consideration of 
the leverages involved, but a rolled joist being homogeneous, 
every fibre connected to every adjacent fibre, and having a 
web of abnormal thickness, we should be justified in taking 
more than the flange only as resisting the bending stresses ; 
and as the ultimate strength of the iron itself is usually 
21 tons per sq. inch, the safe load will be higher than we have 
taken. Substituting these values for those previously taken, 
we shall have 
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21 

— = 5-25 tons per sq. inch safe load, 5*25 x 8 = 42, and 

,,, \2ad 42 X6-4X I '094 

W = ^ . = ^ ^-^ = . 14*7 tons. 

/ 20 ^ ' 



STRENGTH BY BOX S SPECIAL RULE. 

Box * considers that wrought-iron beams always fail on 
the compression side,. and cast-iron on the tension side; he 
therefore assumes the neutral axis of a rolled joist supported 
at the ends and loaded on the top to be coincident with the 
lower surface of the beam, the whole sectional area being in 
compression in the ratio of its distance from the neutral axis. 
He compares the results of calculation on this supposition with 
actual experiments and shows a very close approximation. 
In Fig. 57 N A will be the neutral axis, and the dimensions 
required are marked upon the section. 

Width top flange x diff. between sqs. of dist. from N A • 
= 6(142 - 13-1252) = 142-41. 

Thickness web X diff. between sqs. of dist. from N A 
= -625 (13-1252 - -8752) = 107-19. 

Width bottom flange x diff. between sqs. of dist. from N A 
= 6 (-875^-02) = 4-59, 
then 142-41 + 107-19 + 4*59 = 254*19. 

Coefficient of transverse strength or breaking weight in lbs. 

on centre of unit beam = 3200, and — c ^ = 40670 lbs. 

20 feet span ^ ' 

breaking weight centre ; for load distributed, X 2 ; for safe 

load (Box J breaking weight) -7- 3 ; for load in tons, -^ 2240, 

then 40,670 X = . . . 12" 104 tons. 

3 X 2240 ^ 

* * Strength of Materials,' p. 195 and p. 213, 
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STRENGTH BY IVES' METHOD. 

In a back number of the 'Foreman Engineer and 
Draughtsman' (p. 141, August 1876) some calculations of 
rolled joists are given upon the following method : 

Neutral axis through centre of gravity of section = centre 
of depth, see Fig. 58. 

/ = area of bottom flange ; 
m = mean thickness ditto ; 
w ss area of web ; 
d = depth of web ; 
s = total sectional area of joist ; 

g = distance of centre of gravity of each half of section 
from outer edge ; 

_ (/X jm) + hw{id+ m) fm + w(id+m) 
^•^ is " s 

(ro6x '875) + 7-715 (^-^ + '875) ^ 4-4275 + 30-3778 _ ^ .^^ 
17-83 ^ 17-83 " ^ ^5. 

e = effective depth of joist 

= total depth - 2^= 14- 2(1-95) = lO'i ; 
/ = ultimate tensile strength, tons per square inch ; 
/ = clear span in inches. 

B. W. tons distributed = ^— ^ 

8 X 8-02 X 21 X lOi ^ ^ 
20 X 12 o ^ 

Safe load at J breaking weight = -^ = . 15 '766 tons. 
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STRENGTH BY D. K. CLARK'S FORMULA. 
(Law's ' Civil Engineering,' p. 13.) 

a = area of one flange + \ area of web calculated on 

total depth ; 
d = depth in inches ; 
S = span in feet ; 
c = constant = 133 ; 
W = breaking weight in cwts. in centre. 

Then, W=i3W 

= ^33X(5'059 + 2'i88)x 14 ^ 574.7 cwt. 
20 

-f- 20 for tons, X 2 for distributed load, -f- 4 for safe load, 

.-. ^MTJ^ 16-87 tons. 

20 X 4 



STRENGTH BY WINTON'S RULE. 
(* Modem Workshop Practice,' p. 199.) 

-^ ,,, ^ ^ area bott. fl. X total depth inches q^ 

B.W. tons centre = -, — . — ^ x.8o 

span inches 

2 for distributed load 
4 for safe load 

5'06 X 14 3 o ^^ ^ ^ ^ 11-807 tons. 
20 X 12 ^ 
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STRENGTH BY MOLESWORTH. 

At p. 123, * Molesworth's Pocket Book/ a method is given 

for calculating the strength by what is supposed to be the 

moment of inertia. 

8 TC B D^ 
B.W. cwts. = = for ordinary beams, and substituting 

the value of V for B D^ and making b to correspond with 

Fig. 59, 

^„, 8K(BD2-*rf2) 

B.W. cwts. = ^ — = whence it will be seen that 

in place of the B D^ for ordinary beams, we get the difference 
between the B D^ of the containing rectangle, Fig. 60, and 
the bd^ of the deficient rectangle (see Fig. 61) ; but ^ = 68 
for wrought iron, safe load = i, 20 cwt = I ton, . • . safe load 
tons distributed 

8 X 68 X (B D^ - iJrf") , _ B D^ - ^^2 

= = O'o 

L X 20 X 4 L 

^ o 1 176 - 806-58 ^ ^ 

= 6-8 — ^= .... 10-46 tons. 

20 X 12 

This result is the worst so far, and well illustrates the in- 
accuracy of the method. This is due to the true moment of 
inertia not being employed, although it is given on the same 
page of Molesworth (I =). The reason of the inaccuracy of 
the formula (V = ) is that when the beam is breaking with the 
deflection due to section A, Fig. 60, section B is only under a 
deflection equal to half that at its breaking weight, and there- 
fore only half its strength should be subtracted from the full 
strength of A. 

We will now check the results by a more precise method, 
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VIZ. by using the modulus of section founded upon the true 
moment of inertia. For exact calculation the areas of infinitely 
small portions must be taken, and therefore recourse must 
generally be had to formulae such as the following : — 



MOMENT OF INERTIA. 

The moment of inertia (I) of a section is the summation of 
the areas of all its individual parts multiplied by the squares of 
their distances from the neutral axis, thus 1 = 2^^^ or for a 

beam with equal flanges, I = , see Fig. 59. 



MODULUS OF SECTION. 

The modulus of section (Z), or strength modulus, is pro- 
portional to the moment of resistance of the section. It is the 
moment of inertia divided by the distance from the neutral axis 
to the furthest part on the extended or compressed side. 

Z =3 — . • . lor a beam with equal flanges, Z = ^-^ 



MODULUS OF RUPTURE. 

The theoretical value of the modulus of rupture (C) for 
transverse strain is the resistance of the material to direct 
tension or compression ;* but it is found from experiments 
on cross-breaking that this value is from various causes not 
sufficiently high, and Prof. Rankine adopted a modulus which 
is 18 times the load required to break a bar of i sq. inch in 

* Humberts * Handy Book on Strains,' p. 62. 
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section, supported on two points i foot apart, and loaded in 
the middle between the supports, viz. : 

C = wrought iron ^2fioo lbs., cast iron 40,000 lbs., 
timber average 7500 lbs. 

According to the experiments tabulated by Box,* a higher 
value than this would be proper for wrought iron and lower 
for cast. His notes would give the modulus of rupture for 
flanged beams of wrought iron as C = 57,6oo lbs. 

As there is considerable difference between these figures 
we will take a mean, or say .... 50,000 lbs. 

MOMENT OF RESISTANCE. 

The moment of resistance (R) of a section is the modulus 
of the section x the modulus of rupture, R = Z C. 

BENDING MOMENT. 

The bending moment (M), known also as the moment of 
flexure, moment of rupture, or leverage effect of load, is 
the total load (= W in lbs.) multiplied by the span ( = / in 
inches) and divided by the coefficient of reaction (see p. 7), 

STRENGTH BY MODULUS OF SECTION. 

Effort = Resistance, 
M = R, 
W/ 

* * Strength of Materials,' p. 192. 
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•. w = zc- 



BD^-*^ 8 

= ^j5 xSO,ooox-^ 

_ (6 X 14') -(5 '375 X I2'25^) 



X 50,000 X 



8 



6 X 14 

_ 16,464 - 9880 50,000 X 8 
*" 84 ^ 20 X 12 

= 78-38 X 1667 = 130,659-5 lbs. 

which at 2240 lbs. = i ton, and factor of safety J, 

^ 130^65915^ 
2240 X 4 



20 X 12 



14*58 tons. 



This method is theoretically true when the resistance to 
tension and compression are equal. The accuracy of the 
result depends upon the approximation of the inner breadth 
and depth (^, d) to the true mean. 



COMPARISON OF RESULTS. 



By ordinary formula 


15-536 tons. 


„ leverage 


. 14-7 


„ Box's special rule 


12-104 „ 


„ Ives' method 


15-766 „ 


„ D. K. Clark's formula 


16-87 ,, 


„ Winton's rule . 


11-807 » 


„ Molesworth, p. 123 . 


10-46 „ 


„ modulus of section 


14-58 » 



The latter is the most reliable method, and we may there- 
fore rest satisfied that the section we have adopted will be 
about right. 
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No notice has been taken of the reduction of stress conse- 
quent upon building the ends of the girder into the brickwork ; 
this may be looked upon as simply saving deflection, as rolled 
joists are seldom cambered. 



TEST LOADS. 

Measures Bros, state on their section sheet that, ** Every 
section of joists has been loaded by dead weight to above the 
indicated load without any material deflection, and in no case 
where they have been loaded to four times these indicated 
safe loads has the joist broken or failed to sustain the 
weight" 

Drew, Bear, Ransome & Co. state that their joists are 
calculated for a maximum strain of 5 tons per sq. inch. 

Moser & Sons state, " Experiments have been made 
upon two girders of each size, placed upon bearings twice the 
distance apart in feet that the section is high in inches, the 
girders being about 12 feet from each other, and loaded with 
bar iron placed in the centre/* 

A load " in centre " should not have a bearing wider than 
^ of the span, or it will not fairly represent a central load as 
calculated for ; and if the bearing be narrower than j^ span, 
it may present difficulty in its application, and also be liable 
to cut the flange. 

TOTAL LENGTH OF GIRDER. 

Clear span + 2 bearing surfaces = 20 + 3 = * 23 feet 
Stock lengths usually vary from 10 feet up to 30 feet, rising 
by I foot with some makers, and 2 feet with others. 
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TOTAL WEIGHT. 
23 feet X 60 lbs. per foot -r- 2240 = . . -616 of ton. 

DEFLECTION. 

A . ^1 '012 X Span feet^ 

Approximately = , ^- . — -. — 

' mean depth mches 



_ '012 X 20^ 
" 12-25 * 

More accurately = pa^^^^a^ 



• 392 inches. 



where L = length in feet, W = load distributed in tons, 
^ = 'OiS, D = total depth inches, B = total breadth inches, 
d = depth inches between flanges, b = breadth flange inches 
minus web. 
Then 

20^ X 15-616 X -018 ,^^^ o. u 

- — 5 — — ^ 5 = '356, say . . * mch. 

(143 X 6) - (12-253 X 5*37S) ^^ ' ^ ^ 

The deflection of rolled joists used in floors may be as 
much as ^ inch per foot, or ^ inch when supporting concrete 
arches, but for an external wall the deflection should not ex- 
ceed yJ^ inch per foot span. In this case the girder being 
built in 18 inches at each end, the actual deflection will 
probably be within this amount. 

COST OF GIRDER. 

•616 ton at ;f 8 per ton = ^4 i8j. 6rf., delivered on the 
works, exclusive of any of the extras detailed below. 
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CHECKING WEIGHT. 



The invoice weight should be tested and checked with the 
weights given on section sheets, as the actual weights are 
sometimes lower, and the strength is, in such cases, lower 
than estimated for. 



GENERAL NOTES ON COST. 

English rolled joists cost about the same as B.B. Staff, bar 
iron, say £% per ton. Belgian rolled joists are about 25 per 
cent, cheaper, say £6 per ton, but not so reliable. 

The ordinary quality has a tensile strength of 21 tons per 
sq. inch of section with the grain. 

Sawing ends square to required length while hot is in- 
cluded in the price. A cutting margin of i inch under or 
over specification is claimed as fulfilling this condition. 

Cutting to " exact length," i. e. \ inch under or over specified 
length, is charged 3^. per ton extra. 

Cutting cold to "dead length," or perfectly true, 5^. to 
7^. 6d. per ton extra. 

joists or girders above 30 feet in length, \s. 6d, per ton per 
foot extra. 

For quantities under 5 tons, and for delivery within 3 weeks, 
or as rolls next go in, 5^. per ton extra. 

For delivery from stock promptly, for quantities above 
5 tons, los. per ton extra. 

For delivery from stock promptly, for quantities below 
5 tons, 1 5 J. per ton extra. 

When joists are required to be cut down from stock, the 
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whole joist is charged, and \s. 6d. per cut, the scrap being 
credited at 4.0s. per ton. 

Round holes in flanges 2^., webs id. each. 

Oval holes in flanges 3^., webs 2d, each. 

Cold straightening when required is charged as an extra. 

Special quotations can be obtained for girders of the best 
iron or mild steel. 

COMBINATIONS OF ROLLED JOISTS. 

In order to meet the case of heavy loads, various combina- 
tions of rolled joists are made, formerly called " patent . 
girders," now generally " compound gir4ers." Some of these 
are shown in Figs. 62 to 67. 

As a rule they are cheap and useful, but in many of 
them the metal is not disposed in the most economical 
manner as regards the weight compared with the strength. 

The strength of a compound girder made of two similar 
rolled joists. Fig. 63, is practically equal to twice the strength 
of one of the joists composing it ; and one as Figs. 66 or 67 
is equal to the combined strength of the component joists, 
but they must be riveted together for not less than \ of 
their length from each end to resist the horizontal shear 
stress.* 

TABLE OF ROLLED JOISTS. 

The following table gives the constants for all the sections 
in Measures Bros*, list. To select a section, multiply the re- 
quired span by the distributed load in tons, which will give 
the constant. Thus 20 x 15 - 300, say 305*2, or No. 35 L. 
14" X 6". 



82 



Designing Ironwork, 



No. of Section. 


Weight 

in lbs. 

per foot 

run. 


Depth and Breadth. 


Limits of 
Span. 


Constant. 


OIO 


7 


inches. 
4X1} 


feet. 
6 to 14 


10-9 


OI2 

• 8 L. 


9 
10 


4f X l| 
3X3 


6 „ 14 

6 „ 10 


135 

II-2 


oi6 


II 


6i X 2 


6„ 18 


24-4 


* lO 


12 


4X3 


6 „ 14 


18-9 


* 12 

oi8 


13 
14 


4l X 3 
7\ X 2\ 


6„ 18 
6 „ 18 


25-5 
32-8 


20 

♦ i6 


15 

16 • 


8 X 2j 
6i X 3j 


7 ,. 26 

8 „ 20 


48-6 
38-3 


* i8 


20 


7 X 3l 


8„ 24 


55-7 


• 20 

•i45 


22 

23 


8x4 
5 X a\ 


10 „ 24 
6,. 18 


77 '4 
44-8 


*23 


24 


9i X 3f 


10 „ 22 


82-1 


*I53 

• 20 L. H. 

• 24 L. H. 

• 25 L. 

20 H. H. 


29 
29 
29 
32 
36 


6x5 
8x5 
9i X 4i 
10 X 4i 
8x6 


6 „ .23 

8 „ 28 

10 „ 24 

10 „ 26 

8 „ 28 


68-8 
92* I 

II5-5 
129-8 

1I2-0 


• 25 L. H. 


36 


10 X 5 


10 „ 26 


147-9 


*3oL. 
25 H. H. 


42 
56 


12 X 5 
10 X 6 


10 „ 26 
10 „ 32 


217-7 

188-6 


• 30 M. 


56 


12 X 6 


10 „ 34 


267-2 


• 35 L. 

* 40 L. 


60 
62 


14 X 6 
16 X 6 


12 „ 34 
16 „ 34 


305-2 
370-0 


45 L. 


82 


18 X 7 & 17I X 6| 


10 ,, 40 


400-0 


50 L. 


100 


19I X 7j & 20 X 8 


10 „ 40 


500-0 



Those marked * are kept in stock, remainder rolled to order. 
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CHAPTER VI. 

TRUSSED BEAM. 
(See Plate 6.) 

TRUSSED FIR BEAM 20 FEET SPAN SUPPORTED AT THE 
ENDS TO CARRY A ROLLING LOAD OF 4J TONS. 

I 

Trussed beams are used for overhead travelling cranes and 
gantries ; for gangways between warehouses ; for road and 
railway bridges of short span where first cost is an object, as 
in temporary structures ; for carrying a load such as a roof 
over a wide opening ; for long purlins, &c. 

The trussing may be either external, with tension rods, or 
internal, with compression bars; the latter form is now 
obsolete. 

Whenever the depth will allow of external trussing with 
tie rods and struts, one of the arrangements shown in Figs. 68 
to 72 will be found suitable for small spans. 

The deeper the struts the smaller the stresses, and there- 
fore the lighter the whole arrangement* 

With a rolling load Fig. 68 or Fig. 72 will be the only 
forms suitable. With two struts as in Fig^ 69, when the load 
is over one of them, as B Fig. 73, the stress in the tie rod will 
tend to straighten it between the points BCD and therefore 
to lift strut C and with it the beam. For this reason the 
counterbracing should be inserted as shown in Fig. 72, when- 
ever more than one strut is used to carry a rolling load. 

G 2 
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A rolling load is generally distributed over four wheels, say 
two on each beam, but as the description gives no particulars 
of the centre distance between wheels we will assume the load 
concentrated upon one wheel, and the beam will then be 
actually a little stronger than our calculations will show ; or 
more correctly, the stresses will be less than we are providing 
for. 

OUTLINE OF TRUSS. 

Before we can decide whether to adopt Fig. 68 or Fig. 72 
we must know approximately what the stresses will be. 
Evidently the weak part of Fig. 68 will be midway between 
the centre and one end, where the beam will be under the 
maximum transverse stress. To prove this we must know 
the size and quality of the timber and the compression it will 
have to resist. 

TIMBER IN BALK. 

That known as fir timber or Baltic fir is the product of 
the Pznus sylvestris, Northern pine, or Scotch fir, and comes 
principally from the ports in the Baltic, viz. : — 



Stettin (Prussian) 


18 to 20 inches square. 


Dantzic „ 


. 13 „ 16 


» 


Memel „ 


12 „ 14 


» 


Riga (Russian) 


. ID „ 12 


» 


Swedish . 


. 10 „ 12 


tf 


Norwegian 


. 8 „ 9 


n 



The difference in size depends upon the soil and other 
circumstances. The length varies from 25 to 45 feet. Dantzic 
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is the longest, and is generally coarse but strong, with a 
number of large and often dead knots, top ends most 
frequently knotty. Memel is very uniform and durable, 
sometimes a little rounding on the face, for most purposes a 
very convenient size. Riga is usually the best in quality and 
most uniform, being straight-grained with small hard knots, 
but does not exceed 12" x 12" and is not quite so stiff as the 
others. 

The best trees are imported round for masts, the next 
best sawn into planks, deals and battens, and the remainder 
rough hewn into square balks. The square balks are divided 
according to quality into crown, best middling, good middling 
and common middling. Crown is often specified but seldom 
seen, good middling is sufficient for ordinary purposes and 
mostly used. The quality is shown by scribe marks on one 
of the sides. The best quality has fewest marks. Good 
middlings are marked as follows : 

Stettin, at end, two strokes and line across. 
Dantzic, in centre, stroke with two crosses on it, 
Memel, at end, three strokes, 
kiga, in centre, two strokes crossing two others. 

There are many other marks signifying the name of 
importer, the number of the raft, number of balk, cubic 
contents, &c. They are most numerous on Dantzic timber. 

. Pitch pine timber can be obtained 16 inches square and 
60 feet long. Although very strong when new, it becomes 
very brittle when the resin has dried out and is not safe for 
carrying loads. For further information on timber see the 
author's * Joints in Woodwork,' and also * Timber Piling.' 
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CLEAR SPAN 

say 20 feet. 

DEPTH OF TRUSSING. 

Usually \ cf the span, measuring from, centre of beam to 
centre of tie rod below. 
^ = 2*5, say . . . . .2 feet 6 inches. 

APPROXIMATE WEIGHT OF TRUSSED BEAM. 

W = external load in tons. 
L = span in feet. 

W L 

Approximate weight in tons =s - for distributed load, 

W L 
or for rolling • load ; the constant being taken from 

previous notes of actual weights. 
WL 4*5 X 20 



140 140 



•643 of a ton, 



exclusive of any rail or other accessory. This may be taken 
as half acting in the middle of span and half resting on 
supports. 

For a rolling load a rail will be required on top; this 
need not enter into the calculation of the stresses, as the 
extra depth and stiffness it will give to the beam will fully 
compensate for its weight. 
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SCANTLING REQUIRED TO SUPPORT LOAD BETWEEN 
STRUT AND ONE END. 

Ordinary formula for rectangular beam 
B.W. cwts. centre = C -^p- . 

Assume beam Memel fir, square section, factor of safety 
10, C = 4, and W = safe load tons centre. L = span in feet ; 
b = breadth of side in inches ; 
then b and d being equal, 

b =» IT^oWL 



= v^so X 4* S X 10 = . . . 13*1 inches square. 



TRUSS STRESSES WHEN LOAD IS HALF-WAY BETWEEN 
STRUT AND ONE END. . 

Draw truss, number the external and internal spaces and 
apportion the loads as Fig. 74. 

Draw reciprocal diagram as Fig. 75, and measure off the 
stresses. (For full explanation see the author's 'Strains in 
Ironwork.') . Compression in 7-3 = 5 • 144 tons. This may 
also be seen by inspection, viz. strut = ^ of ^ span, *.• 5-1 
- 2-1 = 1-447 — '161 = 1-286, and 6-2 = 4 (5-2), ••. 6-2 
= 4 X 1-286 = 5' 144 and 7-3 = 6-2. Fig. y6 shows the 
load lines opened out, but in the reciprocal diagram they will 
be found to overlie each other, as all the loads and reactions 
are vertical. 
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SIZE OF BEAM. 

By Anderson's 'Strength of Materials/ p. 209, such a 
beam would have an ultimate compressive strength of 
6000 lbs. per sq. inch, or the safe working stress would equal. 
600 lbs. per sq. inch in compression, but no allowance is made 
therefor the transverse stress. 

By the author's ' Handbook for Mechanical Engineers/ 
p. 54, a fir post up to 10 diameters long may be loaded to 
■^^ tons per sq. inch safely, 

Q o ir S * 144 tons X 2240 ^ ^ 

2240 X ^0 = 448 lbs., 448 lbs. ^ ^5 72 sq. ms. 

• 

The exact combination of the longitudinal stress and 
transverse stress would be very complicated, and it would 
appear to be on the safe side if we assume that the section 
requires the addition of 25 "72 sq. inches to resist longitudinal 
stress in addition to the 13*1 inches square required to resist 
the transverse stress. 

13-12= 171-61, 171-61 +2572 = 197-33. Vi97'33 = 
14*05 .*. the balk would require to be 
say , • • • . . • • 14 inches square. 

This is a large size for Memel, but, being under 25 feet 
long, may possibly be obtained. A " clean " piece of Dantzic 
might be used, care being taken that there were no large 
knots or shakes near the points of maximum flexure on the 
tension side, and that the g^ain was fairly straight For any 
greater span or load Fig. 72 should be used. If the timber is 
required to be wrought all round, Dantzic must be used on 
account of the size. 
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TRUSS STRESSES WHEN LOAD IS IN CENTRE OF SPAN. 

Draw truss, apportion the loads, and letter it as Fig. ^^. 
Draw reciprocal diagram as Fig. 78, and metoure off the 
stresses, compression in 6-2, 7-3 = 9*644 tons, 

9*64^ tons at ^ ton per sq. inch =48*22 sq. inches, 
while 14 inches square gives over 196 sq. inches, so that the 
sectional area is ample. There is no transverse stress upon 
the beam at the centre. 



STRESS IN TIE ROD. 

By measurement from Fig. 78, 6-5, 7-5, each = 9*94 tons, 



or by calculation 2*572 — '\6\ = 2*411, and ^2'4ii* + 9*644^ 
= 9*94 tons. 

At 5 tons per sq. inch safe load on wrought-iron tie rod, 

^-^ = I '99 sq. inches net area = if inch diameter. This 

would be rather large for a single, rod ; we may put two rods 

I *0Q 

instead of one, they will then be — ^ = i sq. inch net area 

2 

each, say i^ inches diameter. 

Double rods have the advantage that they may generally 
be placed altogether outside the timber and therefore obviate 
the boring of awkward holes such as a single rod necessitates. 
When they may not project beyond the face of timber a 
groove may be cut for them, to let them in flush. It is im- 
portant that they should be tightened up equally that they 
may divide the strain between them. 

The strength of a whole is measured by that of its weakest 
part, therefore, as the ends are screwed for nuts, the diameter 
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at the bottom of thread should not be less th^n the body of 

the bolt The area at bottom of thread, Whitworth Standard, 

d^ ^ d 
is approximately , where rf= diameter of bolt in eighths 

of an inch. By trial if inch diameter of screwed part is found 

T T^ ■• T T 

to give the necessary area, thus i| = ^ = i • i sq. 

inches, as compared with i sq. inch area found for rod. 

The tie rods will then be i-^ inch diameter with screwed 
ends if diameter, with double nuts if for rough usage. 

The tie rods may either be niade in one piece or more. 
If in one piece there is difficulty with a single rod in threading 
it through the holes in the timber when more than | inch 
diameter. When in two or more pieces the joints are made 
by plates or eyes and pins as in Fig. 80. 

The tie rods should be parallel so far as possible through- 
out their length ; when drawn closer together in the middle, 
an increased strain is caused, and tension is put sideways 
upon the strut. 

Screwed ends should be "jumped up" from the rod, to 
avoid risk of a bad weld in joining on a piece of larger 
diameter. 

STRESS IN STRUT. 

By measurement from Fig. ^Z, and inspection, this equals 
4*822 tons, or say i sq. inch sectional area of cast iron would 
be sufficient for resisting direct compression. The stmt 
would, however, be designed for handling and erection, and 
the dimensions fixed by judgment instead of calculation. The 
base of strut should be large enough to give sufficient bearing 
surface against underside of beam without bruising the fibres. 
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There are very few recorded experiments upon this kind of 
strain, and none sufficiently definite to be of much practical 
use. Until these are improved upon, we may take 250 lbs. 
per sq. inch as being the maximum safe load across the fibres, 
although in the Chicago Exhibition 600 lbs. was worked to. 

4-822 tons X 2240 =s 10,801, 
10,801 



250 



= 43 • 2 square inches, area of base of strut 



Assume width 14 inches, then — — = 3-1 inches for the 
^ 14 ^ 

other dimension, or adding \ inch for a joggle, say 3*6 inches, 

but there is no reason to stint it, 

.-.say . . . . . . . I4"x 4i" 



ENDS OF BEAM. 

With a single tie rod passing through the beam a flat plate 
under the nut is sufficient (see Fig. 81), but where the tie rod 
is double and placed outside the beam, the overhanging plate 
would bend, and must be replaced by angle iron (see Fig. 82) 
or special castings (see Figs. 83 and 84). 



BEARING SURFACES. 

Whether the end be placed in a cast-iron box or not, 
sufficient bearing surface must be given to the ends of the 
beam to prevent destruction of the fibres, and, considering 
how frequently the ends of beams are subject to rot, it will 
not be wise to restrict the area too much. 
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Total weight = '643 + 4*5 = 5*143 tons, half each end 

-5-^ = 2*572 tons, 2-572 X 2240 = 5761*28, 
2 

5761 *28 2,X 

^ = 23 sq. inches, — = i '64 inches wide, 

250 *^ ^ 14 ^ 

but would not be made less than say 4 inches if covered with 

cast-iron cap, or a minimum of half the width, say 7 inches 

for each bearing if left free; and, when resting on timber, 

generally length = width. 

HOLDING DOWN BOLTS. 

The beam requires securing in position to prevent dis- 
placement The author's general practice for bolting timber 
is to Jet the sectional area of the bolts at each junction in 
ordinary structures be about yj^ of the sectional area of the 
timber. 

14.* 
— ^ = 1*63 sq. inches area .*. say ij-inch bolt, or two 

I -inch bolts placed diagonally, as in Fig. 85, and thereby 
reducing the probability of splitting the timber or increasing a 
shake. 

PROPORTIONS OF BOLTS tOK CARPENTRY. 



Thickness of nut . . . 




= I diam. of bolt. 


„ of head . 




= 1 


Diam. of head or nut over sides 




= If 


Side of square washer for fir . 




= 3j 


Side of square washer for oak . 




=. 2j „ 


Thickness of washer 




= * 


When the nuts are let in flush in 


fir, the washers should 


be same size as for oak. 




' 


Head, nut and two washers for fir 


are 


equal in weight to 
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3'6 diam.', and for oak or flush in fir 2*47^. This allows 
for part of bolt inside nut and washers. Bolt to be measured 
between the washers, or what is called, "wood measure." 
Weight per inch run = "22 diam.' 

WEIGHT OF STRUCTURE. 

Timber — =31*3 cub. feet at 40 lbs. per foot = 1252 

144 

Wrought-iron tie rods, 2 x I'l X 3j X 23*5 . = 173 

(„ 1 1 nuts, 4x5 lbs. each . . = 20 
„ angle iron (4" x 3" X f ") = 2 x 2-5 sq. 

inches X 3i X i' f long • . « 26 

Cast-iron strut, at '26 lbs. per cub. inch . . = 60 

Total weight of trussed beam . ^ ('688 tons) 1539 
Wrought iron, Four i" bolts 2' 4" w, m. with nuts and 

washers • . . . . .40 

„ bridge rail, 48 lbs. per yard x 22 feet . 352 

Chocks and spikes, say . . . • . .20 

Total weight of truss and accessories, fixed complete 

(•88 ton) 1951 

COMPLETE DESIGN. 

The details having been* all arranged, the finished desig^n 
may now be prepared, as shown upon the diagram. (Figs. 
86 and 87.) 

PROTECTION FROM DECAY. 

If the beam is to be exposed to the weather, creosote 
is the best protection. The mode of using it, known as 
Bethell's process, is described in the author's * Timber Piling 
in Foundations, &c.' The wood cannot afterwards be painted. 
All surfaces cut during fitting and erection should be well 
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tarred, particularly the end grain, and after erection the whole 
should be tarred. The ironwork should be tarred or painted ; 
the latter is better, but it is sometimes inconvenient when 
part of the structure is tarred. 

COST OF WHOLE TIMBERS* 

Timber merchants will supply whole or half timbers in 
various lengths up to 45 feet at a standard rate (say is, gd. 
per cub* foot creosoted) if the average length does not exceed 
27 feet. Should the average of any parcel exceed 57 feet by 
any given number of feet, that number will give the number 
of shillings per load of 50 cub* feet extra charge which will 
be made. Say average 34 feet, then excess =± 7 feet, and 
price = 7^. per load dearer than if average had been 27 feet 
or under. Approximately, the charge is \d, per foot on all 
the timber for each foot the average is in excess of 27 feet- 

COST OF ONE BEAM FIXED COMPLETE. 

Creosoted Memel fir, 32 cub. feet at 2s, 6d, == 

Wrought iron in bolts, nuts, washers, tie rods and 

short pieces angle iron, 2 cwt. i qr. 7 lbs* 

at 20^-. 
Cast-iron strut (exclusive of pattern) 60 lbs* at 2d, 
Flanged rail and bending, 3 cwt* o qrs* 16 lbs. at los. 
Twenty coach screws (J" x 4") . . at 3<^4 each 
Cleats and spikes ...... 

Tarring wood and iron ' . . * 

Hoisting and fixing, say .... * 

^978 
Say £g loj* 



€ 


J. 


d. 


4 








2 


6 


3 





10 





I 


II 


5 





S 








2 


6 





2 


6 





10 
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BELGIAN STEEL FLANGED RAILS. 

When these rails are used in large quantities, the price is 
considerably less than that given above, e.g. March 1893 — 

Is. d. 

Steel flanged rails, 40 lbs. per yard and 

over . . . . . . 3 16 o per ton. 

If with steel fish-plates, add . .040,, 

„ iron bolts, add . . . o 5 6 „ 

„ iron spikes, add . . .080,, 

All net per ton f.o.b. Antwerp. 

WEIGHT OF ROLLED IRON SECTION. 

The weight of any rolled iron section in lbs. per yard run 
equals the sectional area in sq. inches x 10, and conversely 
the sectional area in sq, inches = weight lbs. per yard 4- 10. 
Mild steel is 2 per cent, heavier than wrought iron. 
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CHAPTER VIL 

CAST-IRON BRIDGE GIRDER. 

. (See Plate 7.) 

Detailed calculations and notes with design for : 

A cast-ifon inside bridge girdef {a), with flanges of uniform 
section (^), and web of varying depth to give uniform strength 
(c\ to carry a uniformly distributed dead load of J ton per 
foot run and a live load of f ton per foot run {d), on the 
bottom flange over a clear span of 20 feet {e). 

The girder to rest upon ** girder beds'* or templates of 
hard sandstone, supported by brickwork in mortar. 

{a) Cast-iron girders used for bridges are classed as out- 
side and inside girders. Outside girders are made uniform in 
depth to carry parapet wall on top flange ; have the web 
near the outer edge of bottom flange to give an equal projec- 
tion with the top, and have vertical ribs to divide the girder 
into panels, the edges round the panels being moulded to 
give effect (see Fig. 91). The bottom flange is secured to the 
web by angle brackets, webs, or feathers cast on. Inside 
girders have nothing to carry on top flange, are made of sym- 
metrical cross section, and generally of varying depth (see c). 
An overbridge is a bridge over a railway, and is generally a 
road bridge, An underbridge is a bridge under a railway ; 
underbridges of cast iron have been prohibited on new lines 
since August 1883. 
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if)) In patterns for cast ironwork a uniform section is that 
most easily obtained, and where the section is not constant, it 
is easier to vary the width than the thickness. In this case, 
as the depth of web is to be varied the distribution of the 
stress will require a uniform section in the flanges. 

{c) As the area of the flanges is made constant, the 
strength can only be made uniform by varying the depth. 
When the load is carried by the top flange, it is usual to 
make both the flange section and the depth uniform, as in 
girders or bressummers over shop fronts ; but for overhead 
travellers and such like, the parabolic form inverted is fre- 
quently adopted, and the girder is called fish-bellied. 

(d) In ordinary buildings, the whole load upon a girder is 
considered to be a dead load ; but on bridges a large propor- 
tion will be^a live or moving load, say on overbridges ^ to § of 
the total load. Although the moving loads are applied through 
the wheels at Certain points only, they are considered to be 
spread uniformly along, except in cttses of short girders 
where the wheel base exceeds half the length of girder, or in 
transverse girders. 

(e) Cast-iron girders should not be used for spans exceed- 
ing 30 feet. 

The minimum allowande for live load on road bridges 
(overbridges) is 140 lbs* per sq* foot, and a notice must then 
be put up warning users that the bridge may only be used 
for loads under 2 tons. The ordinary allowance is 2 cwt. per 
sq. foot, with a notice warning off* loads exceeding i ton per 
wheel, or S tons in all. The allowance when heavy traffic is 
permitted, such as traction engines, road rollers, boiler 
trollies, &c., is S cwt per sq. foot, but in small span bridges, 
allowance must be made for concentration of load as wheels 

H 
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pass centre of span. The usual thickness of metalling is 12 
inches. 

For further notes on cast-iron girders, see Chapter I. 

CALCULATIONS. 

Clear span ....... 20 feet. 

DEPTH OF GIRDER, 

assumed to be the effective or mean depth, unless other- 
wise stated, is the distance between the centres of gravity at 
middle of the flanges. From iV ^^ t^ ^f span, average say ^ 
= say ........ 21 inches. 

NET LOAD OR LOAD OVER CLEAR SPAN. 

J ton per foot run x 20 feet = 10 tons dead load. 
} „ „ X 20 feet = IS „ live „ 

25 tons total. 

But for all questions connected with the stress in a cast- 
iron girder, a live load must be considered to distress the 
metal more than a dead load, in the proportion of not less 
than 8 to 5. This will also affect the approximate weight of 
girder, which depends largely upon the stress. 

WEIGHT OF CAST-IRON PARABOLIC GIRDER, 

W = total distributed dead load in tons ; 

W'= live 

— I» M live „ „ 

/ = clear span in feet ; 
d = mean depth in inches. 



Then approximate weight of girder 

(W+ i-6W^) / n_ (10+ 1-6 X 15)20 / 

• 290 ^v^- 290 ^ V ; 



20 
20 
= 2*33 tons. 
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A fish-bellied girder would be rather heavier than this 
owing to the longer flange having the larger sectional area. 
In that case use divisor of 250 instead of 290. 



APPROXIMATE SIZE OF FLANGES. 

With a ratio of depth to span of ^, the area of bottom 
flange in sq. inches will approximately be equal to the total 
distributed dead load in tons, any live load being converted 
into an equivalent dead load. 
Actual dead load . . . . . . = 10 tons. 

Live load = 15 tons, and 

I S X I = equivalent dead load . . . = 24 „ 

Virtual total of dead load 34 „ 
. • . = 34 sq. inches area, or say, 16" x 2 J" or 15" x 2^\ 

When the load is carried by one side only of the bottom 
flange, the area of the top is made J the area of the bottom 
but when both sides are loaded equally, or load rests on top 
flange, then top flange is usually made \ the area of bottom. 

SAFE LOAD ON BEARING SURFACE. 

(See p. 43, Chapter IV.) 

Hard sandstone, say York . .12 tons per foot super. 
Stock brickwork in mortar . . 4 „ „ 

CHAMFER ON STONE BEDS. 

Say I J inches per 10 feet span = . • . 3 inches. 

11 2 
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LOAD TO EDGE OF BEARING SURFACES 

= load tons per foot run x (clear span + chamfers) added to 
weight of girder, 

(•5 + 75) (20 + -25 + -25) + 2-33 = 27-955 
say 28 tons. 

WIDTH OF BEARING SURFACE. 

This will be not less than width of bottom flange but may 
be more if necessary, as the bottom flange may be widened 
out near the ends to any desired width, 
say . • . . • . • • 15 inches. 

LENGTH OF BEARING SURFACE. 

(See p. 5, Chapter I., and p. 44, Chapter IV. 

, W 28 

sb-w (12 X li) - 1-25 ^ 

-— ^ = I -02, say , . . . I foot each end. 



TOTAL LENGTH OF GIRDER. 

20 + -25 + -25 + I + I = . . . . 22-5 feet. 

EFFECTIVE SPAN 

equals the distance from centre to centre of the bearing 
surfaces. Clear span, 20 feet + 2 chamfers • 5 feet + one 
bearing surface i foot = . , . ,21*5 feet 
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EFFECTIVE LOAD AND MAXIMUM STRESS. 

Where a cast-iron girder is subject to a live load, the 
flanges must be calculated by a special method. 

The usual formula for stress in bottom flange under dis- 
tributed load, ^^ or — -. is only applicable to the case of 
8 a o a 

a dead load, such as would come upon the girder in an ordi- 
nary building, allowing a safe working stress of i J tons per 
sq. inch. In the present case, a formula embodying the 
action of a live load must be taken. 



AREA OF BOTTOM FLANGE, 

The author's rule for area of bottom flange is as follows : — 
Effective span in feet x (5 times distributed dead load in tons 
+ 8 times distributed live load in tons), divided by 5 times 
the mean depth in inches : — 

Effective span » 2i • 5 feet. 

Distributed dead load = ('5 x 21*5) + 2*33 = i3'o8. 
„ live load =s 75 x 2i'S = 16*25. 

21*5 X {(5 X 13-08) + (8 X i6'i2S)} o 

2 Li2 9. i_I_v on. = 39*8, 3ay 40 sq. m. 

5x21 

By the Board of Trade Regulations the breaking weight 
must not be less than 3 times the dead load + 6 times the 
live load. This will give : — 

{3 times dead load tons distributed) ^ . 
> X effective span feet 
+ 6 times live y^ ^j^ J 

8 times mean depth ft. X ult. tensile strength tons per sq» in, 

= sq. inches sectional area in bottom flange. 

{(13*08 X 3) + (16-25 X 6)1 X 21 '5 ^^ 

^^^^ ^' ^ — -^ =5 28 say 30 sq. in. 

8 X I-7S X 7'5 / '^J H 



I02 Designing Ironwork. 

while we have provided 40 sq. inches, or 33 per cent more 
than the law requires, but not more than prudence dictates, 
seeing that these girders are so placed as to prevent periodical 
inspection and cleaning. 

A common rule in some offices, founded upon the Board 
of Trade Regulations, is the following : — 
\ span (3 times dead load + 6 times live load) 



depth inches 



s. a. bottom flange. 



This assumes 6 tons per sq. inch instead of 7^, as the 
maximum strength, and gives 35 sq. inches for area of ^flange, 
being about midway between the other results. 

It should, however, be noted, that some cast-iron girders 
erected under the sanction of the Board of Trade, have failed, 
and many others have been removed to prevent failure, there- 
fore keep to the larger area. 

ACTUAL SIZE OF FLANGES. 

. Bottom flange should have a width of f to f the depth, 
and a thickness of J to J the width, but never less than ^^ 
width. 

Depth 21 inches, f of 21 = 12-6, f of 21 = i6-8, 
.•.width say ...... 16 inches. 

Width 16 inches, 3^ of 16 = i -33, |^ of 16 = 2, J of 16 = 

area 4-0 
2*66, but thickness must be = ... = -^ = 2*5, 

width 1 6 ^ 

.'. mean thickness say ..... 2 J inches. 

Top flange should have an area = \ bottom flange (see 

Chapter I., p. 10), and a thickness = ^ to J its width. 

^ = 10 sq. inches area. 
Make it, say . ..... 6 inches wide; 
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then f = 2", or f = I J for thickness, but ^ = i -66, 

say 1} inches 

mean thickness, which will be a very good proportion. 

When the load is carried by one side only of the bottom 
flange, the area of the top is made \ the area of the bottom. 

WEB. 

In a cast-iron girder the thickness of web is made pro- 
portional to the thickness of flanges, and not to the shearing 
stress. The web should be § to } the thickness of the flanges 
and tapered throughout its depth towards the top. Curved 
fillets should be put in all angles of a radius of \ to § thick- 
ness of parts joined. 

Top flange i| inch thick, § of if = i • 17, | of 1} = i 'Sii 

Bottom flange 2 J thick, § of 2j = i -7, } of 2^ = 1*9, 
.•• make web say . li thick at top and if thick at bottom. 

For fillets, J of 2^ = 1-25, f of if = 1-17, say li inch 
radius at bottom; and i of if = -875, § of ij= '833, say 
\ inch radius at top ; or all the fillets may be i inch radius 
for sake of uniformity. 

GENERAL RULE IN DESIGNING CAST-IRON GIRDERS. 

In calculating a cast-iron girder, if any part works out too 
thin the proportions must be altered ; no part should be less 
in thickness than ^ of its width, or than i to J the thickest 
part of the girder. 

ELEVATION OF GIRDER. 

The girder is to be of uniform strength, obtained by 
reducing the depth towards the ends. The theoretical curve 
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will be a parabola passing through centre of gravity of top 
flange, with a base along the centre of gravity of the bottom 
flange, the effective span giving the length of base ; but suffi- 
cient sectional area must be allowed over the points of support 
to resist the shearing stress. 

2 

tons shearing stress at top of chamfer on abutment 

^ g*77 sq. inches, but the flange alone, in which there 

is no stress at this point, will greatly exceed this area, and 
therefore the only consideration is a practical one of foundry 
work, make girder say 7 inches deep at this point 

• The curve of top flange may be drawn to individual taste 
so long as the parabola is included within the area. The 
ends are sometimes made § of the central depth. 



DEFLt:CTION IN CENTRE UNDER FULL LOAP. 

W =5 effective load tons distributed ; 
s = effective span in feet ; 
d = mean depth in inches. 

*ooo5 Wj ^_ *poo5 X 29*33 X 2i'5^ _ 

say f inch. 

By Molesworth (p. 169, 21st edition) safe deflection 
= ^ inch per foot span under test load of J breaking weight, 
but this ip considered to be rather a fyll allowance, 
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CAMBER. 

Usual camber for cast-iron girder, f inch per 10 feet clear 
span. 

^ = li inches. 

10 •* 

STIFFENERS OR FEATHERS. 

These should be an even number, about equally divided 
over the girder 4 to 5 feet apart, same thickness as upper 
part of web, and carried out to extreme edge of each flange. 
Sometimes small intermediate feathers, 3 or 4 inches deep, are 
put in. 

AREA OF STONE FOR BEDDING GIRDER. 

16" X 12" «= 192 sq. inches, each bearing surface of girder, 

192 X 12 tons on stone ^r - • 1 • r ' t_ ^ 

— — -— z— — = 576 sq. inches area of each stone. 

4 tons on bnck '" ^ 

WIDTH OF STONE. 

3 inch chamfer + 12 inch girder + say 3 inch margin 
beyond girder = . . . . ,1 foot 6 inches. 

LENGTH OF STONE. 

I foot 6 inches as i8 inches, ^ s= 32 inches ; but should 

be a multiple of 4J inches or 9 inches to suit brickwork. 
Make it, say 31^ inches = . . .2 feet 7 J inches. 



io6 
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THICKNESS OF STONE (see p. 56). 



6x20 
IS 



+ 4 = 



12 inches thick. 



SIZE OF STONE. 

2'7i" X I' 6" X I'O". 
Girder bedded on two thicknesses of tarred or asphalted 
roofing felt, with sheet of 8 lb. lead between them, 

ESTIMATE OF WEIGHT. 



Top flange, parallel part 

Add for ends 

Bottom flange 

Web . 

Stiffeners 

Fillets . 



Lbs. 
2I'2"X6"X If) 

2'0"X II" X Ifj ^^^ 

22' 6" X l'4" X 2i" =2812 

22' 3" X I'o" X li" = 1251 

4 X I'o" X 9" X li" = 140 

. 116 feet run = 116 

5133 



At 37i lbs. per foot super i inch thick, the weight = 5133 lbs. 
= 2*291 tons, and the approximate weight having been taken 
at 2*33 tons the designing may be proceeded with. 



ESTIMATE OF COST, INCLUDING ORDINARY PROFIT. 



Iron and labour at £j \os. per ton 
Erection at 15^. „ 

Total cost fixed 



17 3 8 
I 14 4 

18 18 o 
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Exclusive of any brickwork or masonry, of cost of pattern, or 
of any charge for testing. The actual cost will of course 
vary with the market value of iron and labour, and with the 
number of girders. Approximate cost of cast-iron girder 
£^ -038 W/. 

TESTING CAST-IRON GIRDERS. 

Usually tested in pairs to J of breaking weight, with top 

flanges facing each other and wrought-iron straps passed 

round the ends at distance = clear span, a hydraulic press 

with gauge attached being placed in centre between them. 

The whole being horizontal the weight of girders does not 

affect the result The deflection is taken by straining a string 

or fine wire from end to end of each girder and measuring the 

deflection in the centre, when the gauge indicates any given 

1 J T^ 1. u ^ - •001 X span ft' X load tons centre 

load. It should not exceed ^-3 — -v—, — r , 

depth inches 

although it is generally very irregular. The actual deflection 

X f will equal the deflection which would be produced by a 

similar load spread equally over the girder. The permanent 

set should not exceed J the maximum deflection with the full 

test load. 
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CHAPTER VIIL 

(See Plate 8.) 

CAST-IRON STANCHION OR STORY POST, 
JO FEET HIGH, TO CARRY A DEAD LOAD 
OF 36 TONS. 

FORM OF SECTION. 

In order to judge whether a + or |-| section will be more 
suitable, we must ascertain roughly what area will be 
required. 

The H section will give an increased area over the + 
section as 3 to 2 for the same over- all dimensions. 

When the stanchion is required against a wall, a Uj or LU 
section is often adopted, flush with face of wall, and a bracket 
on top projecting from the wall to carry girder. In these 
cases the centre line of load seldom coincides with the axis 
through centre of gravity of section of stanchion, and there is 
great probability of the ribs being put in tension, if the plain 
side is put outwards. 

DIAMETER OF WIDTH OF SECTION 
should be from t^ to ^ of the length. 

THICKNESS OF METAL 

should be from \ to \ of the diameter. 



I FRACTIONAL POV^ 

Inumblr without 
Fiff. ^Ilogarithms 



jr.^c 



i Fiff.92 



Fiff^ 



k- 8" H 




^6**^ 



O O 



Fig, g. 
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APPROXIMATE SAFE LOAD ON COLUMNS AND 
STANCHIONS. 

Up to 8 diameters long = 5 tons per sq. inch. 
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APPROXIMATE AREA. 
Say 15 diameters long, 36 tons at 2 J tons per sq. inch 
= ^ a 14*4 sq. inches, or say + section 8" x 8" x i" thick 
(8 + 8 — 1) X I = say . • . 15 sq. inches area. 



SUFFICIENCY OF AREA. 

We will now test by independent methods whether 15 sq. 
inches will give sufficient strength for our stanchion. 



FACTOR OF SAFETY 

should be J for short pillars and -j^^ for long pillars, those 
being called long which exceed 25 diameters in length. Box 
considers that with an invariable dead load, a factor of safety 
of 4 allows sufficient margia 



no Designing Ironwork. 

STRENGTH BY GORDON'S FORMULA. 

W = crushing weight in tons ; 
s = sectional area in sq. inches ; 
d = diameter over arms in inches ; 
/ = length in inches. 

i6s 



W 



3/^ 
^ ■'■400^/^ 



W = — o « 201 tons crushing weight 

' ■^"400 X 8^ 
Safe load = 201 -f-6 ■= . . . . 33-5 tons. 



STRENGTH BY TIMMINS' TABLES. 

8" X 8" X i" = IS sq. inches area « 46-8 lbs. per foot run, 
and for 10 feet length, safe load =« . . 20* i tons. 

STRENGTH BY BOX'S TABLES. 
Breaking weight in tons. 

8" X 8" X i" X 10 feet long «= 261 tons. 

—2-- = safe load of say ..... 43^ tons. 

STRENGTH BY TABLE IN LOCKWOOD'S ENGINEERS' POCKET 

BOOK. 
Safe load in cwts. 

8" X 8" X 1" X 10 feet long a 354 cwt 

or ^^^2= . i7'7tons. 

20 ^ 
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STRENGTH BY HODGKINSON'S FORMULA. 
(Box, ' Strength of Materials/ p. 120.) 

M/ X {b^'^ X /) + \e^ X (6-^)} inches . 
L^-^ feet 

= B W tons by flexure. 

Which must not exceed J of the sectional area x ultimate 
crushing strength (cast iron = 42 tons) per sq. inch in order 
to provide against incipient crushing. 

82 «* = 223, i2« =r I, iQi' = so- 1. 

M/ = constant multiplier for cast iron. 

75 both ends flat. 

50 one end flat. 

25 both ends pointed. 

(223 X I) + (X X 7) ^ ^^„3 B^ 

but 15 sq. inches X 42 tons ^ ^ ^^ . ^ ^^^^^ 

4 

which is the maximum efficient strength, and safe load = 
^ "^ = 26*25 tons. 

* TO FIND THE FRACTIONAL POWER OF A NUMBER WITHOUT 
LOGARITHMS. 

Upon abase line (see Plate 8, Fig. 92) set off equal divisions, say inches ; 
at end of first division set up an ordinate to scale equal to the number of 
which the power is required, e. g. 8. At the end of the second division 
set up the square of the number, at the end of the third set up the cube, 
and draw a curve through the points found. Then for 1*7 power mark 
off 1*7 inches on the base line and scale off the vertical height to curve, 
or for 2 -6 power set off 2 *6 inches and scale off the height. This method 
is convenient for small whole numbers, but for others it is better to make 
the sUght effort required to master and use a table of logarithms. 
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Variation of tHiCKNESs. 

Other things being the same, the strength of a stanchion 
varies directly as the thickness of the metal 

RELATIVE STRENGTH. 

A stanchion of + section is much less economical than a 
hollow cylindrical column, so far as the use of the metal goes. 
For instance a cylindrical column of the same external 
diameter as the stanchion and containing the same sectional 
area, will have very nearly double the strength. There are, 
however, advantages in certain cases in employing stanchions. 



COMPARISON OF STRENGTH BY THE VARIOUS RULES 



By approximate rule 
„ Gordon's formula 
„ Timmins* Tables 
„ Box's Tables . 
„ Lockwood's Tables 
„ Hodgkinson's formula 



Tons. 

3;-s 

33-S 

20-1 

43'S 
177 
26-25 



Average of above * . . * . 29*76 

This is a very unsatisfactory result, and we must fefer to 
experiment for confirmation of our formulae. 



HODGKINSON'S EXPERIMENTS. 

Hodgkirtson found that a cast-iron pillar of + sectiofl 
3" X 3" X '48", and 7 • 562 feet long, both ends rounded, broke 
with 17,578 lbs. » 7-8475 tons* 
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COMPARISON OF EXPERIMENTAL STANCHION WITH 
PREVIOUS RULES. 

Allowance of 3 to i being made for difference between 
flat or fixed and rounded or jointed ends. 

Tons. 
By actual loading . . . r= 7*8475 

„ approximate rule assuming \ factor of 

safety. . . .^ . = 5 '300 



„ Gordon's formula . 
„ Timmins' Tables, say 
„ Box's Tables . 
„ Lockwood's Tables . 
„ . Hodgkinson's formula 



= 3-353 
= 4*063 



= 7-0125 



SUMMARY. 

It will thus be seen that there is considerable variation, 
comparing the rules with actual experiment ; but on the whole 
we shall feel tolerably safe in assuming that our section of 
8" X 8" X i" = 15 sq. inches will be sufficient for carrying the 
load of 36 tons with safety. The need for further experiments 
on a large scale, however, is very evident. 



FEATHERS IN .ANGLES. 

It is customary to cast intermediate flanges, feathers, 
webs, or stiffeners (see A, Figs. 93 and 94, Plate 8) in the 
angles at intervals of 3 to 6 feet. These should be from the 
same thickness of metal as the general section to | of this 
thickness, and rounded on the edge. 

I 
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JOINT IN LENGTH. 

When from any cause the length is considered too great 
for one casting, a joint may be made half-way up, but it must 
be accurately fitted and bolted, say, ends planed and bolted 
as shown in Figs. 95 and 96. 



FILLETS IN ANGLES. 

All castings require curved fillets in the angles, to avoid 
the weak place formed by the incomplete junctions of the 
crystals, which occurs in the cooling of sections connected by 
a square angle. A common but bad form is shown in Figs. 
97 and 98. The fillets should be of a radius = i to | of parts 
joined. 
Say I -inch metal, then fillets = . . . J" radius. 



ENDS OF STANCHION. 

The ends must be sufficiently spread to enable them to 
be securely fixed, they must* be well bedded, and guarded 
from the effects of unequal settlement or subsidence of 
foundations. 

The area will depend upon the material they support or 
upon which they rest 

Assume stanchion standing on York stone, the top sup- 
porting a floor by two 12" x 9" beams and carrying above it 
another stanchion bearing half the load. 
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BOTTOM FLANGE. 

Load 36 tons + weight of stanchion (say J ton) = 36^ tons. 

York stone — crushing commences at 250 tons per sq. foot 
safe dead load ^ = 25 tons per sq. foot, as the greatest dead 
load in an extreme case. (See p» 43 for areia of railway 
girder beds.) 

^— ^ = i^46 sq. ft., 1-46= I -21 X 1*21 (or Vi'46 = i'2i) 
25 

or say, bottom flange . . . . i' 3" x i' 3" 

The ribs of the stanchion should be curved outwards to 
meet the corners of the base, and a hole for a i-inch bolt put 
between each, or cleats cast on bottom as shown in Fig. 100. 



TOP FLANGE. 

Say 8" X 8" square box or stilting % inch thick, and 
12 inches deep, on top of stanchion, with or without flange, 
to receive foot of upper stanchion, and bracket each side to 
carry floor beams. 

Load on upper stanchion 18 tons, 8 x 8 = 64, 6^ x 6J 

^ - - 18 tons „ 

= 42-5. 64-42-S«2i-S, 21-5 sq.inches °'^37 tons per 

sq. inch on box, giving ample margin, but it is not desirable 

to reduce it, as the different parts of a casting should be so 

proportioned as to cool at a uniform rate* 

18 
Load from floor beams — = 9 tons each, width of bracket 
2 ^ 

8 inches, then at 250 lbs. per sq. inch safe load (sec p. 91 ante) 

I 2 
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9 tons X 2240 o . 1. 1 I. 

250 lbs, X 8 inches = '^'^^^ '^^ '^ ^""^^' ^^"^' ^' ^^"^ P'^" 

jecting bracket 8" X 10" with two holes for |-inch bolts in 
each. 



DESIGN. 

The working drawing may now be proceeded with as 
shown in Figs. 99 to 102. 

Stanchions of this pattern have rather a bare look, and 
improvement in the appearance may be made by forming 
the upper end as shown in Fig. 103, but it would have no 
advantage in strength. 



COST OF STANCHION. 

This will depend very largely upon the number required, 
and whether made in London or the country. In the following 
sections an attempt has been made to analyse the cost. 



COST OF WOOD FOR PATTERN. 

Pattern-makers' pine is. the American yellow pine {Pinus 
strobus) ; it is a pale straw colour when freshly cut, but turns 
brown when exposed to the air ; it has very few knots, is clean 
and straight in the grain, soft and uniform, and marked with 
short dark lines, is light in weight and obtained of a very large 
size, logs say 2 feet square ; takes glue well (and also putty in 
the hands of apprentices). It is very subject to dry rot 

Cost, £60 per 120 of 12 feet x 3" X 11" = ioj. per plank, 
or say 4-r. per cubic foot sawn to dimensions. 
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Although this is the general wood for patterns, stanchions 
are frequently made of Baltic yellow deal {Pimis sylvestris)^ 
the cost of which per foot super, of i inch stuff would be found 
as follows : — 

£ s. d. 
3 inch Yw. Xna. deals at per standard 

(12 feet X 3" X 9") . . . . 34 10 o 
Add cartage, &c. . . . . . i 10 o 

-r- Standard or long hundred = 120)36 o o 

. • . each = 
Add sawing to i inch (2 cuts) . 



Add profit 1 5 per cent. • 

-r- No. of boards out of one deal = . 

-r- average length feet each piece = 

Cost per foot lineal, 9 inches wide . 
Add \ for difference between 9 inches and 
12 inches = . . . . 



Cost per foot super, i inch thick 



136 
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In the same way 1 J-inch stuff will be found worth 5^. per 
foot super, i^-inch worth 4^^., and |-inch worth 2\cL 

These are nominal thicknesses only, and are always 
actually less owing to the width of the saw kerf When 
planed, the thickness may vary from \ inch to \ inch less 
than the nominal, and the stuff must therefore be priced at 
\ inch thicker than the finished sizes. 

Arris strips for fillets at \d, per foot run. 
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COST OF PATTERN. 

A pattern-maker's rate of pay is gd. per hour, but the 
actual pay varies from $s. upwards per day according to district 
and circumstances. : 

Such work as making a stanchion pattern would occupy on 
the average about half an hour per foot super of the stuff used, 
with ^ hour additional per foot run of all rounded or shaped 
edges and filleted angles. 

The box on the top of stanchion could not be moulded 
hollow, and therefore it would be closed in and a " print " put 
on the end to make an impression in the sand to support the 
end of a " core," the weight of the other part being borne by 
a " chaplet" A very simple " core box " like a brick mould 
would suffice, into which the sand could be rammed and the 
edges of the core trimmed off after it was dry. 









Material. 
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3' 3" 
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„ for screws and nails „ 
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Total net cost of pattern, say £ i 5^. 9^. 
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WEIGHT OF STANCHION 

may be taken approximately equal to 1 5 times the weight 
of the pattern, but in all castings this depends very ^much 
upon the amount of " coring." 

.Taking out the weight in detail from the dimensions on the 
drawings, and allowing for the curved angles, it will be found 
(at 0' 263 lbs. per cubic inch of metal) to be . . 0*31 ton. 



RELATIVE COST OF CASTINGS. 

Percwt 
S. d. 

Split pulley castings . . . . 12 o 

Ordinary do. and loam castings . . 10 o 
Engine, pump, forge and general shop 

machine castings . • • • 90 
Crane, press, mill and steam hammer 

castings ...... 86 

Stone-crushing and brick-making machines 8 o 

Mortar mill castings .... 76 

Wagon wheel, pipe, column, girder and 

stanchion castings .... 66 

Tank plates and firebars ... 60 



120 Designing Ironwork. 



ESTIMATE OF THE COST OF CASTING. 



Description of work . . . ^ 


+ stanchions. 




Per ton. 


Material : — 


£ 


s. 


d. 


Metal 


3 
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O 


Waste 





5 


O 


Cupola coke 
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Stove coke .... 
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Labour: — 








Moulding .... 
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Cleaning and trimming 


O 


5 


O 


General labourage . . 


O 


7 


6 


Total net cost 


5 


9 
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General expenses .... 


O 


17 
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Bad castings and risk 


O 


2 


6 


Total cost per ton at the foundry 


6 


9 


6 



Say £6 \Qs. per ton. 



COST OF STANCHION. 



Exclusive of cost of pattern. 



o*3i tons at;^6 loj. 


£ 
2 


s. 



d. 
3 


Machine work and fitting, say . 





7 
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Add for delivery at lOj. . 
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„ erection at lOJ. . 
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„ painting 3 oils, 4 yards at \od. 
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Say £2 ITS. 6d. each. 
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CHAPTER IX. 

CAST-IRON COLUMN. 
(See Plates 9 and 10.) 

CAST-IRON HOLLOW COLUMN 15 FEET HIGH, TO CARRY 
A DEAD LOAD OF 30 TONS. 

Columns may have the ends rounded or flat, with or without 
base plates or bolts. 

Columns with rounded ends were used in supporting the 
rocf of the National Agricultural Hall (Olympia), see Fig. 104, 
in order to prevent a bending moment from the unequal 
loading of the gallery floors. 

Columns with flat ends and detached base plates were 
used on the London and North Western Railway at Watford 
Viaduct, see Figs. 105 and 106, to lessen the risk of breakage 
from initial strains in the casting. 

A more usual mode of forming detached base plate in 
heavy work is shown in Figs. 107 and 108 ; similar columns 
were used on the Great Eastern Railway under some of the 
suburban bridges. 

The cap and base of large columns are frequently cast in 
separate pieces ; being for ornament only they can thus be 
made much lighter. The columns under the North London 
Railway bridge at Randolph Street, Camden Town, were made 
in this way. See Figs. 109 to 115. 

Columns with base plates cast on, and with or without 
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bolts, are generally used for all cases. When the length 
does not exceed ten times the diameter the bolts are frequently 
omitted. 

When the columns support bridge girders, the tops are 
usually flat and bolted to the girders ; but in buildings when 
iron or timber beams are supported, they either rest on brackets 
or in pockets, or pass through a box cast on top of the column, 
so that the columns vertically over each other may be in direct 
contact from top to bottom of building. 

MODE OF STRAINING. 

•* Approximately, so long as the length of a compression 
bar, pillar, or strut of cast iron does not exceed five times its 
least dimension, it tends to fail by direct crushing ; while if 
its length exceeds this proportion, it tends to fail by bending 
sideways and cross breaking. In wrought iron the proportion 
of length to least dimension, up to which failure tends to 
take place by direct crushing, is approximately lo, while in 
dry timber it is approximately 20. It is possible that steel of 
average hardness would occupy an intermediate place between 
cast and wrought iron, but there is at present no definite 
information on the subject." — Wrafs Theory of Construction, 

For circular columns fixed at both ends Reuleaux makes 
the limit 20 for cast iron, and 48 for wrought iron. 

Gordon's investigations showed that when the length is 
26*4 times the diameter, pillars, columns, or vertical struts 
are of equal strength, whether of wrought or cast iron ; when 
shorter, cast iron is stronger, when longer, wrought iron is 
stronger. 

From Kirkaldy's experiments it appears that cast iron 
pillars under 5 diameters long failed entirely by crushing, from 
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5 to 20 diameters partly by crushing, partly by bending, over 
20 diameters entirely by bending. 

Rondelet's experiments showed that cast-iron pillars do 
not yield by flexure when the length is less than 10 times the 
least lateral dimension. 



CLASSIFICATION OF PILLARS {MoOS). 

Class. Name. Material Crystalline. Fibrous. 

I. Very short . //rf=<i-S <i*5 

II. Short . „ I • 5 to 5 i • 5 to 10 

III. Long . „ 5 to IS 10 to 30 

IV. Very long . „ over 15 over 30 

When the length approaches 30 times the diameter, the 
column will probably form part of a braced framework, in 
which case the bracing members, by attachment to some 
internaediate point, will assist the stability ; but, unless the 
bracing be of such a character as to absolutely fix the column 
at such intermediate point and prevent bending in either 
direction^ the full length must be considered in calculating the 
strength. 

DIAMETER OF COLUMN. 

The diameter will seldom exceed ^ of the length, and 
should never be less than ^. The proportion should vary 
with the character of the structure and be in keeping with it 
As a general rule the diameter will depend to a great extent 
upon the load to be carried ; if made large in proportion the 
thickness of metal may be insufficient to allow for contingen- 
cies in casting, and if small the ratio of length to diameter 
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will render the column unnecessarily liable to fail by bending. 
It should be so proportioned as to involve a reasonable 
thickness. 

THICKNESS OF METAL 

may vary from ^ to ^ of the outside diameter, but should in 
general be about ^^. 

By another rule it is made to vary with the length, the 

minimum thickness in inches being -^^2i — ^n_?L + -25, and 

24 

the maximum thickness \\ inches. 

Columns of 6 inched diameter or over, should as a general 

rule not be less than J inch thick, and under 6 inches diameter 

not less than \ inch thick. 

UNEQUAL THICKNESS OF CASTING 

is generally caused by the displacement of the " core," so that 
the metal is thinner on one side than the other. Hodgkinson* 
says with reference to this, " It is gratifying to find that 
a matter which would seem to destroy all confidence in a 
pillar does not produce a great reduction in the strength ; " 
his experiments leading him to suppose that the thinner side 
always takes up the compressive strain, and the thicker the 
tensile, when the loading is exactly central. 

SECTIONAL AREA. 

The chief calculation is to ascertain the necessary sectional 
area of the shaft of- the column. This depends partly upon 
the ratio of diameter to length, and partly upon the ratio of 
thickness to diameter. 

* Phil. Trans., 1840. 
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With given dimensions the sectional area may be obtained 
either by deducting the area due to the inside diameter from 
that due to the outside diameter taken from a table of areas, 
or the mean diameter (i. e. outside diameter minus one thick- 
ness) may be multiplied by the thickness and by tt = 
3*1416. 

When t = ^d, then sectional area in square inches = 



ULTIMATE RESISTANCE OF CaST IRON TO CRUSHING. 

Rankine* says average = 112,000 lbs. = 50 tons, but this 
is too high for practical use in any case. 

With metal of good average quality we may fix it at 42 
tons = 94,080 lbs., but to ensure the requisite quality a 
sample bar should be tested. 

In the absence of tested sample bars 36 tons is the great- 
est resistance which should be assumed. 



TEST OF SAMPLE BARS. 

Three bars to be cast in dry mould from each melting, 
3 feet 6 inches long, 2 inches deep, i inch wide, 3 feet between 
bearings, to break with an average of 30 cwt. in centre, or 
minimum of 28 cwt, and to deflect not less than ^ inch, with 
load of 25 cwt. applied direct without intervention of levers. f 

* * Civil Engineering,' p. 769. 

t See the author's * Handbook for Mechanical Engineers,' p. 64. 
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FACTOR OF SAFETY. 

If the calculation be made for breaking weight a factor of 
safety of not less than 6 should be taken for a dead load, and 
8 for a live load. 

If loading be uneven, as for a column in centre of erecting- 
shop supporting a travelling crane on either side, a factor of 
safety of lo should be allowed. 

If the column will be in such a position as to be liable to 
collision with vans, extra strength must be allowed or fender 
stones put against base. 

J. B,» Francis, of Lowell, Mass., in his ' Tables of Cast-iron 
Pillars,' recommends that in order to allow for unequal 
loading, imperfect casting, bad end bearings, side blows, &c., 
the safe load should not be taken at more than ^ of Hodg- 
kinson*s breaking load, if the pillars are roughly cast and the 
ends not perfectly planed and adjusted ; and \ when they are 
so, and the loads about equally distributed. 

Prof. Unwin says that when the load on a column is -^ of 
diameter out of the centre, the bending stress on column is 
increased 50 per cent 

Stoney says long pillars irregularly fixed lose from f to | 
of their strength. 

author's rule for loading columns. 

For a thickness of ^ diameter : — 

10 to 15 diameters long = 4 tons per sq. inch. 



15 „ 20 


» 


W 


= 3 


20 „ 25 


M 


» 


s= 2 


25 » 30 


» 


» 


= li 



(* Handbook for Mechanical Engineers,' p. 54.) 
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This is founded upon the following formula, where r = 
ratio of length to diameter. 

Safe load tons per sq. inch = —=- 1 5'8 — -^[ but to 

allow for contingencies in casting it would be well to add to 
the thickness '125 (i — /), or in other words, a ^ inch for 
every \ inch the thickness falls short of i inch. 

DIAMETER AND THICKNESS BY AUTHOR'S RULE. 

I >) X 12 

Say 22J diameters long, d = — — — — = 8 inches. 

a =^ '24 X 8* = 15*36 sq. inches, W = 15-36 x 2 = 30*72 
tons. 

. • . Column =5 8 inches diameter, with f inches metal, or 
adding '125 (i — /) for contingencies, •125 (i — "66) = '04, 
•66 + -04 = '7 

. • . say column 8 inches diameter, with -^ inch metal. 

SHIELDS' RULE FOR LOADING COLUMNS. 

Ends flat and fixed, with base plate. From 20 to 24 
diameters in length. 

f inch thick and upwards = 2 tons per sq. inch. 

8" »> » -— I4 » » 

8" n n ^ *t » >» 

DIAMETER AND THICKNESS BY SHIELDS' RULE. 

30 tons on column 15 feet long, say length = 20 diameters, 

I •> X 12 

then d =^ -^ «= 9 inches, t = ^ d= ^^ = '75 inches. 
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a = -24 d\ = -24 X 9* = 19*44 sq. inches, W =: I9*44 X 

2 tons = 38 • 88 tons. 

/ 15 X 12 

This is rather too much, so take d - — then d = — 

22 22 

8' 18 
= 8 • 18 inches, t^-^d, = -682 inches, ^ = • 24 X 8 • 18' 

= 16*06 sq. inches, W = 16*06 X i '75 = 28* i tons. 

8*21^ 

This is rather too little : assume rf = 8*25, then / = 

' ^' 12 

== '69, say 'T,a = *24 x 8*25^ = i6*33sq. inches, W= 16*33 

X say I '875 = 3Q'6 tons, which is sufficiently near to the 

required load. 

. * . Column 8 J inches diameter, with ^ inch metal. 



DIAMETER AND THICKNESS BY ANOTHER RULE. 

t = thickness in inches (not to exceed ^ d) d = diameter 

in inches (external, t^ to ^ length), L = length in feet, ends 

flat and fixed. 

2d 
Safe load tons per square inch = (/ + i) t" * 

By this rule a column 15 feet long, 8^ inches diameter, 
-j^ metal would bear safely 32 • 6y tons, and one of the same 
length and thickness of metal but 8 inches diameter would 
bear 27 • 72 tons, or the equivalent for 30 tons would be, say 

Column 8^ inches diameter, with ^^ inch metal. 



HODGKINSON'S FORMULA. 

From Rankine's * Civil Engineering,* p. 236. 

For long columns (length = 30 diameters or over). 
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D = outside diameter inches. 
d =: inside „ „ 

L at length feet. 

B.W. tons = ^ ^ ^\j., ^ = C. 

For short colunins (length = less than 30 diameters). 

s = sectional area sq. inches. 

/ =5 ultimate crushing strength, short block = 49 tons 
per sq. inch. 

Cfs 



B.W. tons 



C + IA 



[Note. — Hodgkinson gave 44*34, 3-55, and i*77; observe 
that 44*3 X 2240 =x approximately ioo,ocx).] 



STRENGtH BY HODGKINSON'S FORMULA. 

With this, as with the majority of formulae for columns, 
the dimensions are first assumed and then tested for suffi- 
ciency. 

Take column 15 feet long, 8 inches diameter, ^ inch 
metal *= 16*05 sq. inches sectional area. This will be 
22J diameters long, and will therefore come under the rule 
for short columns, but the formula for short columns involves 
the use of that for long columns as a means to an end. 

(See Fig. 92, Plate 8, for method of finding fractional powers 
without logarithms.) 

K 
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By logarithms. 

Number. Index. Mantissa. 

8 = 9030900. 

To raise a number to its power, multiply its log. 
.-. 0*9030900 X 3"6 = 3-2511240 

log. -2511270 = number 17829 
and index 3, places decimal point thus, 1782-9, so that 8" = 
,782-9, and C = ^'^ ^^^^^'.^ " ^^i-pS) ^ 3^^^ ^,^„^^ 

C fs 
Breaking weight by formula ^ -^^ ^ 

= 395 X 49 X I6-05 ^ to„3^ 

395 + (-75 X49X 16-05) ^ ^ ^ ' 

or a factor of safety of ~- = lo* 5. 

30 



hurst's tables. 

The strength of hollow columns nearly equals the differ- 
ence between that of two solid columns, the diameters of 
which are equal to the external and internal diameters of the 
hollow one. — Hursfs 'Handbook,' p. 113. 

STRENGTH BY HURST'S TABLES. 

^ , , 80-31 +64 ^ ^ ^ ^ ^ ' V. 6-6 

8 mches = = 72*16 tons, 6' 6 mches = ^^ — 

2 0-5 

X 3«-Q3 + 30-3I ^ 34.68 tons. 

72' 16 — 34*68 = 37*48 tons, as a long column, or 
37*48 X 49 X 16-05 



(10 X 37-48) + (-75 X 49 X 16-05) 



= 30-56 tons, safe load 



Cdst'iron Column. f 31 

at ^ breaking weight as a short column; of for a lOad of 
30 torts, a factor of safety of ^— ^ — — ^ :s= lo* 185; 

RONpELpT'S ^OHMlJLA. 

Breaking weight ends fixed ==/: A /6 whiere//: 5=42 tons 
per sq. inch, A = area irt sq. inches, k = constant varying 
with ratio / -f- ^. 

— = li 24 36 48 60 72 
d 

then >& = if . M 2^ 2% A . 5^ 

or approximately if r = -j then within usual limits k = 

SO 

STRENGTH BV RONDELET'S FORMULA. 
B. W. tons on column 15 feet long, 8 inches diameter, 

f 22" I? \ 

-j^ inch metal = 42 X 16-05 X f i ^ — -\ = 3/0*7 tons, 

giving a factor of safety of — — - == 12 • 36. 

Gordon's FokMtJLA. 

For coiunlrts fixed at both ends by having flat capitals 
and basesy 

P = crushing load of a long rod or pillar in pounds. 
/ = 80,000 (ultimate resistance to crushing of a short 
block in pounds per sq. inch), or about 36 tons. 

K 2 
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S ss sectional area of material in sq. inches. 
a = ^ constant deduced from Hodgkinson's experi- 
ments.* 



/ S9 Length \ both in same units 

h ss Least external diameter) of measure, 



I both 
r) of 

then approximately 



P- /s 



STRENGTH BY GORDON'S FORMULA. 
n u- t J lu 80,000 X 16*05 o^ 11. 

Crushmg load, lbs. = *- ^^^ ^ ^^y = 786,379 lbs. 

= 351 '06 tons, or a factor of safety of ^^ = 11*7. 



REULEAUX'S FORMULA. 

I K 
Breaking weight = 4 tt^ -^. 

For hollow circle (Rankine's 'Applied Mechanics,' p. 82) 

♦ There is some doubt as to the value of a. Hurst C Handbook,' 
p. 46) gives a = ^ for " round hollow pillars, ends fiat and fixed." 
Molesworth (* Pocket-Book,' p. ^H) gives it in another form which equals 
f^. Wray (* Theory of Construction,' p. 97), referring to hollow colunms, 
gives a = ^ for " cast-iron colunms fixed at both ends." The * Builder/ 
June 23, 1888, gives a = -fi^ for " pillars, both ends flat, and carefully 
bedded." Trautwine (' Pocket-Book,' p. 221) gives « =^4^^ ^r "hollow 
cast-iron cylindrical pillars." Rankine (Civil Engineering,' p. 237) gives 
a = s^ for " cast-iron (hollow cylindrical pillars)." The latter is assumed 
to be correct. 
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For average cast iron (Rankine's ^Applied Mechanics/ 

p. 631) 

E = 17,000,000. 

A'^z- (D* - d*) 17,000,000 
.-. B.W. = ^ ^5 

32,800,000 (D*-rf*) 
= p ' 

or for our column of 8 inches diameter, ^f^inch met^l, 15 feet 
high, 

breaking weight = 32,8oo,ooo x (4096 -- 1897-5) 
^ ^ 32400 X 2240 

= 993 • 5 tons, or a factor of safety of ^\^ = 33 ' 12. 



UNWINDS FORMULA. 
(Unwin's * Machine Design,' p. 63.) 

E = modulus of direct elasticity of material, for cast iron 

= 17,000,000. 
I = moment of inertia of the section ; for annular 

section = '0491 (D* — d^) 
I = length in inches. 
m = constant depending on mode in which ends are 

fixed ; for column fixed both ends = ' 5. 
n = factor of safety = J for cast iron. 

Working load in lbs. = -^ x — ^5- 

_ 3'i4iffl \ X 17,000,000 X '0491 (8* - 6'6*) 
^^~ ^ 180^ "" 

372,668*3 lbs. = 166-4 tons, 
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or more than 5 times' the given load, giving a factor of safety 

of 33-3- 

This is practically the same formula as Reuleaux's, both 
being founded upon Euler. 



STRENGTH BY TIMMINS' TABLES. 
8" diameter, }" thick, 1 2 ft. long, will carry 34 tons. 

Plotting these loads to a curve, Fig. 116, it will be found 
that IS feet long will carry about 2J tons, and allowing for 
the difference in sectional area between | inch thick (17 •08) 
and -^ inch thick (16 '05) 

I7'08 : 16*05 :: 27 : 2S'37tons, 

and as the tables are said to be calculated for ^ of breaking 

2^ ' ^7 

weight, the factor of safety will be ^ ^' = 8'4d 



STRENGTH BY WYBORN'S TABLES. 

8" diameter, f'* thick, lo ft. long, will carry 39-3 tons. 
„ II 12 „ „ 34-0 „ 

11 » » i^ » II 25 * 2 „ 

',1 20 „ „ 18-7 „ 

Plotting these to a curve, the same result is obtained as 
before. 
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SUMMARY OF RESULTS. 

By author's rule, column 8 in. diameter, -^^ in. metal. 
„ Shields' „ „ 8J „ ^ „ 

„ another „ „ 8J „ ^ „ 

Assuming 8 inches diameter and ^ inch metal, then 

By Hodgkinson's formula, factor of safety = 10*5 
„ Hurst's Tables „ „ = 10-185 

„ Rondelet's formula „ „ = 12*36 

„ Gordon's formula „ „ = n'/ 

„ Reuleaux's formula „ „ =33-12 

„ Un win's formula „ „ =33-3 

„ Timmins' Tables „ „ =8*46 

„ Wyborn's Tables „ „ =8*46 

The comparison is not quite satisfactory, but appears to 
show that in using a cast-iron hollow column 15 feet long, 
8 inches external diameter, -j^ inch thickness of metal to 
carry a dead load of 30 tons, we shall have a reliable factor 
of safety of 10. See remarks on Stanchions, p{). 112 and 113. 



OUTLINE OF COLUMNS. 

Columns may be parallel, I e. cylindrical, or tapered, i. e. 
conical, the outline being straight or swelled. 

In common work, columns up to 9 inches diameter are 
frequently made parallel, with a square cap or abacus at each 
end about 2 inches larger than the diameter, and a large plain 
torus bead adjoining, see Fig. 117. 

An improvement on this is shown in Fig. 118. The cap 
has raised sides to form, a clip under girder, and is lengthened 
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in two directions to give more bearing for a wood beam. The 
fillet and hollow under torus moulding are also better in 
appearance than the plain bead. 

The majority of plain columns are tapered, the bottom 
diameter being from f to J more than the top. The smallest 
diameter must be that upon which the strength of the column 
is calculated. 

More rarely an entasis or swelling is given to the shaft of 
a long column to prevent the sides looking hollow, see Figs. 
119 and 120. Hodgkinson's experiments proved that the 
entasis does not add to the strength of a hollow column fixed 
at the ends. 

Ornamental columns must first be designed as plain, and 
then clothed with whatever ornament may be required, 
avoiding abrupt changes of thickness and providing for 
facility and economy of manufacture. 

, In this case \ diameter = i inch .•. bottom diameter 
a= 9 inches. 

BEDDING OF COLUMNS. 

It is most important that cast-iron columns should be 
carefully bedded to distribute the pressure equally and avoid 
fractures. The under surface of a bed plate is always more 
or less irregular, and it is difficult to chip a casting even, 
owing to the hard skin. When resting on stone, the stone 
should be first dressed to the inequalities of the casting 
and then a sheet of lead between two layers of tarred felt in- 
serted under the column, or a thickness of tarred felt only ; 
or cement grout or melted sulphur and sand may be run in 
between the iron and the stone. 

Sixty tons of iron columns fixed by the author in 1884 on 
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concrete beds 6 feet square x 16 feet deep, were supported 
by wedges f inch above the top of concrete, and a clay bank 
being put round, cement grout was run in. Many of these 
columns carry a working load of 120 tons each, and show no 
signs of failure. 

At the Broad Street Goods Station of the London and 
North Western Railway Company, a row of columns on ex- 
pensive granite bases at the yard level supported the girders 
carrying the permanent way at the railway level. Owing to 
the cracking of several of these bases upon completion of the 
work, two additional similar columns and bases were put at 
the side of each of the original columns. 



STONE BASE. 

A piece of tooled York stone is commonly used, called a 
piece of ashlaty the dimensions of which may be calculated 
according to the notes at p. 43. The minimum area should 
be twice that of bottom flange of column. 

L. de C. Berg says, "^In stonework with level dressed beds 
allow for load -^ of strength of stone." This would fairly 
represent the practice of many architects, but it gives much 
too low a factor of safety. When, however, the column is 
fairly placed in the centre of the stone, the latter does gain 
some strength from the margin round the base, as indicated 
in the following paragraph, which shows that ^^the load to 
crush the whole area of stone will produce crushing if concen- 
trated on the central quarter of the area, or in other words, 
the intensity of pressure may be doubled if limited to the 
central quarter of the area. 
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STRENGTH OF STONE 

Varies according to comparative area of loading. 
Crushing load uniformly distributed over 

whole surface . . . . = W 

Do. limited to central half of the area • = -7 W 
Do. limited to central quarter of the 

area = • 5 W 

Or the pressure per unit of area under 

load when whole surface loaded . = w 
Do. when central half of area only is 

loaded = i'4ze/ 

Do. when central quarter of area only is 

loaded . . . . . , = 2 «; 

— Unwin. 

BOTTOM FLANGE. 

This may be proportioned as described for bearing area 
it p. 43, when the column carries a variable load, but when 
it carries a fixed dead load, the weight per foot super, may 
be increased to a maximum of one-third to one-half more. 
Approximately the side of a square flange may be made equal 
to twice the diameter of the column at the base. In this case 
12 tons per sq. foot safe load would become 16 tons, and 
i6 tons : 144 sq. inches : : 30 tons : 270 sq. inches, ^^270 
= i6'4 inches side, while bottom diameter X 2 = 9 X 2 
= 18 inches side. 

There is usually a hole for the core bar in the bottom of a 
column, varying from 2 inches diameter up to the full inside 
diameter of column. An addition should be made to the 
flange area to allow for this in important cases. The same 
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may occur in the top of column but sometimes the hole there 
is square. 

The flanges of columns are frequently made too small, 
especially those that may be bought ready made. 

TOP FLANGE. 

This will vary considerably, according to the purpose for 
which the column is intended ; some forms are shown in 
Figs. 121 to 125. 

When the column carries a baulk of timber, or a wood 
girder, the top flange is made long to give sufficient bearing 
surface, and sometimes stiffened by the edges being raised, as 
in Fig. 118. 

SHORTENING UNDER COMPRESSION. 

Trautwine* says, cast-iron columns shorten at the average 
rate of about \ in 30 feet, under loads of 4 tons per sq. inch 
of metal cross-section. 

Assuming the compression to be proportionate to length 
and load per sq. inch, our column under full load will be 
shortened 

?Aii^ = ^, inch. 
4 X 30 ^^ 

WEIGHT OF COLUMNS. 

The estimated weight may be arrived at by measurement 
from the drawings, allowing cast iron to weigh 450 lbs. per 
cubic foot; take care to allow for fillets in all angles, and err 
on the side of fulness rather than otherwise. 

In settling up a contract the original invoices of the 

* * Pocket-Book,* p. 221. 
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columns should be produced, and the excess or deficiency of 
weight upon the quantities, as the case may be, allowed for. 
If any suspicion be entertained as to the accuracy of the 
invoices an occasional column must be carted back and re« 
weighed. 

CASTING OF COLUMNS. 

All columns should be cast vertically^ with a head for 
sullage, to secure close grained metal in the body of the 
casting. When this is specified an angle of 30*^ from the hori- 
zontal is generally claimed by the founder as fulfilling the 
contract, but casting at this angle only partially attains the 
desired object 



f 




kcH 



/-" 



T 



I 




APEX 



/■ 



]l 




E Sc F.N.Spon, London &. New York 



g—gscw m.^V vrv w ji ■ ' 



141 



CHAPTER X. 

LATTICE GIRDER BRIDGE, 30 FEET SPAN, 
BETWEEN TWO WAREHOUSES. 

(See Plates 11 and 12.) 

The bridge is to be suitable for trucking loaded sacks 
across from one warehouse to the other, to have a clear width 
of 6 feet between the flanges, to be sufficiently strong to carry 
a dead load of 2 J cwt. per foot super., in addition to its own 
weight, and to be constructed entirely of wrought iron. 

The general arrangement proposed to be adopted should 
be sketched out to guide the calculations, remembering that 
every detailis subject to modification in the after stages if 
required. Sometimes even the principal feature of the design 
has to be altered when brought to the test of calculation, in 
consequence of a misapprehension of its suitability. Archi- 
tects are too apt to elaborate the design of ironwork before 
giving sufficient attention to the stresses, while engineers do 
the reverse and neglect appearance for the sake of simplicity 
in the parts ; no work can be perfectly satisfactory unless 
design and calculation go hand in haiid. 

APPROXIMATE DESIGN. 

Fig. 128 shows a rough sketch of part of proposed eleva- 
tion, and Fig. 129 a section, the floor being formed of L Iron, 
T iron, or deck beams, covered with wrought-iron chequered 
plate. 
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USUAL ALLOWANCE FOR LOAD ON FLOORS. 

Churches and Public buildings ij cwt. per sq. foot/ 
Warehouses • . . 2j „ „ 

Dwelling houses . . * li » >» 

By the statement of requirements, 2\ cwt. per foot super* 
has to be allowed for, in addition to the weight of the bridge. 
It is assumed that this will be ample for the effect of as 
many moving loads of 2 J cwt. in sack barrows as can at any 
time be upon, or passing over, the bridge. We must look 
into this. By actual measurement the ground space occupied 

is as follows : 

Cwt. per 
ft. super. 

2\ cwt. sack of flour . . 2 -625 feet super* =2 '952 

2 cwt. „ 

therefore merchandise in sacks, one tier deep, cannot overload 
the bridge, as the maximum resulting weight is only i '27 cwt. 
per foot super* 

A porter's hand-barrow or sack barrow weighs on the 
average | cwt, and with a 2\g cwt. full sack upon it, occupies 
7 sq. feet of ground space, giving a resulting weight of "464 
cwt per foot super. The weight in this case is really sup- 
ported over a very small area, which we shall have to consider 
in getting out detail of floor ; but the size of the barrow and 
sack preventing the nearer approach of anything else, it is 
right now to take the weight as being distributed over the 
whole of the area. 

If the goods be in transit over the bridge there might be, 
on extraordinary occasions, 3 rows, with minimum distance of 



gram . 


. 2-00 


» 


= 1*250 


coal 


. 1-58 


n 


= 1-266 
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4 feet 6 inches from man to man in each row. This would 

give a maximum of -^ = 6*66, 6*66 x 3 = 20 men and 

4*5 
barrows. Each man would weigh on the average 10 stone = 

\\ cwt. Then 2j + | + ij = 4i cwt spread over — 

9 sq. feet, or -^- = • 5 cwt. per foot super. A moving load, 
however, may be assumed to strain the girder in the propor- 
tion of 8 to 5 over a dead load, which will bring the effect up 
to '5 X f = '8 cwt. per foot super., still far below the allow- 
ance which has been given. 

Another mode by which the bridge may be loaded is the 
collection of a crowd of men upon it. 



WEIGHT OF MEN IN 


CROWDS. 






Authority. 
Cowper 
Parsey 
Young 








lbs 


. per sq. foot 

140 

Soto 112 

80 


Page 

Usual practice . 










84 
100 





and taking the average weight of men at 100 lbs. per foot 
super., we have • 889 cwt. per foot super, over the bridge. 



SUMMARY OF MODES OF LOADING. 

I • 27 cwt. per foot super. 
•464 

5 » " » 

•889 

So that with an allowance of 2J cwt. per foot super, we are 
safe against all ordinary contingencies. 



Full sacks, one tier deep. 
Sack-barrows and full sacks 

„ „ and man . 

Men in crowd 
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TOTAL NET LOAD ON BRIDGE. 

30 ft. span X 6 ft wide x 2t cwt. per ft. sup. 

-T — T-: ^ ^ = 22*5 tons 

20 cwt. m I ton -^ 

external dead load distributed over two girders. 



WEIGHT OF STRUCTURE. 

The approximate weight of such a structure may be taken 

W7 
as -^— , where W = total external distributed load to be pro- 

vided for, and / = span in feet In this case -^^ ^ 

^ 180 

= 375 tons. 

Draughtsmen should keep a record of every structure 
designed by them, showing the relation between the span, 
area, external load and structural load, together with any 
details of cost, &a, that may be available. It is only by 
these means that they can gain such experience as will enable 
them to produce approximate estimates with reasonable 
rapidity. 

GROSS LOAD ON EACH GIRDER* 
22* ? + ^'7? 

Z. ^ • . . 13 '125 tons distributed. 



DEPTH OF GIRDER. 

Approximately \ to ^^ of the span, but will be decided 
by the number of bays formed by th6 lattice bars, and the 
height which may be most convenient It will clearly be an 
advantage to make the main girders deep to act as barriers 
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or handrails, and we should therefore select 8 bays, unless it 
be found desirable to have an odd number to give a central 
one, when we should take 9 as the number. The number of 
raking struts (marked a in Fig. 129) provided on each, to 
counteract the lateral weakness of such girders, will guide us 
in settling this point. If fixed 3 bays apart throughout, a 
girder of 9 bays will be required to give .a symmetrical 
appearance ; 2 bays apart would be suited by a girder of 8 
bays ; but the girders being supported firmly against outward 
pressure by the walls at each end, the struts need not be so 
close together at the ends as near the centre* If we place 
them 2 bays apart in the centre, 3 bays will be left at each 
end, with an 8-bay girder, and this would probably give the 
best result (see Fig. 130). The girder being 8 bays long, and 
the lattice bars being always placed at an angle of 45^ the 
depth of the girder measuring from the intersections of the 
bars above and below (see dy Fig. 128) will be \ of the length 
between similar points at each end. 

These points or intersections of end bars with bottom 
flange should, as a rule, come exactly over the edge of bear* 
ing surface, the chamfer on each stone being added to the 
clear span to obtain the effective span. The portion of 
lattice girder over bearing surface at each end should have a 
vertical web-plate inserted to stiff*en it, the whole of this part 
being known as the end pillar. 

CHAMFER. 

On edge of bearing surface to prevent chipping* 
W + y. ^ 13-125 + V30 ^,. 8, say . . 2 inches. 

10 10 ' ^ 

L 
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The two chamfers, adding 4 inches to the span of the girders, 
will increase the actual load ; but, as the addition is only 
about I per cent, it need not be considered. 



STRESSES IN LATTICE GIRDERS. 

The simplest way to obtain these is by a "reciprocal 
diagram." Rules for constructing reciprocal diagrams will be 
found in the author's 'Strains in Ironwork,' p. 56. Fig. 131 
shows the mode of numbering the outline of girder, and 
allotting the subdivision of the load. 

13-125 tons load ^ ^ ^1. 

-^ — ^^T- = I '64 tons at each apex. 

= • 82 tons at each end, resting direct upon abutment 

without straining girder. 

Fig. 132 shows the corresponding reciprocal diagram, the 
measurement of the lines giving the stresses in each girder, 
which are marked upon the various parts in Fig. 133. The 
lettering of loop at abutment is explained at p. 62, and Fig. 
158, of * Strains in Ironwork,' and the position of point A is 
found as described in p. 63, Fig. 163, of the same work, which 
may also be proved by commencing the diagram at further 
end, and working backwards. 

Or the stresses might have been calculated, as shown by 
Fig. 7, in terms of ;r, x being the load on each apex = 1-64 
tons. 

ARRANGEMENT OF JOINTS.. 

This stage is the most difficult in designing lattice girders, 
and upon it the efficiency of the design depends. An adequate 
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number of rivets must be allowed to transmit the stress 
through the various parts, and substance must be provided 
in the parts to take the rivets without involving undue sec- 
tional area throughout the remainder of their lengths. The 
number of rivets required will affect the dimensions and form 
of section of the bars. As a principle to keep in view, always 
begin the junction with the fewest rivets possible, so as not to' 
weaken the bar until a firm connection is obtained. (See 
Figs. 31, 32, 33, 137, 138.) 

RIVETS. 



Nominal 
Diameter. 


Practical 
Diameter. 


Theoretical 
Area. 


Practical 
Area. 


Safe Strength Tons. 
Single Shear. 


i 


•55 


•1963 


•24 


1*20 


^ 


•61 


•248s 


•29 


1-45 


\ 


•67 


•3068 


•35 


1-75 


H 


•74 


•3712 


•43 


2'IS 


1 


•80 


•4417 


•50 


2-50 


if 


•86 


•5185 


•58 


2-90 


1 


•92 


•6013 


•66 


330 


if 


•99 


•6903 


•77 


3-85 


I 


I -05 


•7854 


•87 


4-35 . 



Ultimate shearing strength of a Low Moor rivet in tons 
= 18 rf', working strength = 4-5 rf^ {d = actual diameter). 
Mean tensile strength of rivet iron in tons per sq. inch, Fair- 

L 2 
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bairn 26' 3, Kirkaldy 25*98. See Chap. III., pp. 28 and 32, 
for further information. 

Assuming f inch rivets, the safe shearing stress on each 
will be I '75 tons, and the maximum stress in diagonal bars 

of 4*64 tons will require ^4~7 =2*6, say 3 rivets. But n 

rivets placed singly require a distance or length of 

and therefore 3 rivets would require 
(3 X 2i X f) + (i X f) = (3 X 2-S X -625) + ^ = S in. 

for the depth of web of T iron, or placed thus ^*^ would require 
a width of bar, for the two rivets in line, of 

(2 X 2'S X -625) + — -^ = 3-4375 = 3A inches. 

It is probable that by slightly increasing the diameter of 
the rivets two would be sufficient, and a saving would result 
in the dimensions of the parts through which they pass. 

Assume ^J-inch rivets, then the safe shearing strength will 

t 4*64 
be 2* 15 tons, and — — = 2* i, or say two rivets, requiring a 
2* 15 

depth of web of under 4 inches, or a width of bar of say 

2 inches. 

BARS UNDER TENSION. 

These will be ties, as shown by thin lines on Fig. 133, safe 
load 5 tons per sq. inch net area. 

FIRST BAR, - — - = '93 sq. inches net area. 



Lattice Girder Bridge, 149 

Say f inch or '375 inch thick, then -^-^^ = 2*48 inches 

net width. 

2*48+. -74 (for one ^inch rivet) = 3*22 inches gross 
width, 

say iX'y^^'^ 

NEXT BAR, ^-^ ='696,7^ = 1-86, I -86 + '74 =2-6, 
say 21" X f . 

2*^2 , '464 

NEXT BAR, — ^- = -464, -p—^ = I '24, I '24 + -74 = I '98. 

In this and the remaining bar, the stress being so much 
reduced, the diameter of the rivets may be reduced : thus 

2 ' "KT, 

= I • 16 shearing stress on each rivet, which would be 

met by using J-inch rivets ; but \ inch is a very likely thick- 
ness for the T iron, and it is difficult to punch J-inch holes in 
that, so we may say ^g^-inch rivets, having a practical diameter 
of 'di, then 1*24 + -61 = 1-85, 
say 2"xr. 

NEXT BAR, ^-^ = -232, -^-^ = -62, -62 + -61 = 1-23. 

. • . I J inch wide would apparently be sufficient, but there 
is a possibility of bursting the hole in punching if the bar is 
much narrower than three times the diameter of the rivet, 
say irxf. 

BARS UNDER COMPRESSION. 

These will be struts, as shown by thick lines in Fig. 133. 
W = working load in tons ; 
/ = unsupported length in inches ; 
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d = least depth or width in inches ; 
a = area in square inches allowing a factor of safety of 
eight (rivets not deducted). 

a=-+-cx)03Wy. 

The bars will be connected where they cross each other, 
making the unsupported length of bar = 

4th of 30 feet span x J 2 X 12 „ . . 

** ^ = 31 '815, say 32 inches. 

^•48 / « ^2^\ I -068 

FIRST BAR, ^^ + ( -0003 X 3*48^ j = r-74 + —jy^ 



fissuming rf = 3 inches for side of angle iron, then 
1^8 
3' 



I '74 H T" ^ ^'^^ sq. inches area. 



The table given on the next page will be found useful for 
determining the dimensions to provide a given area. 

We require i • 86 sq. inches area with a 3-inch width of 
angle iron, narrowest side, we must therefore take 3 x 3 X f = 
2*12, unless we make one side less than 3 inches, when we 
must go through the calculation s^gain. Say 3 x 2i, then 

, I -068 ' . - 

I -74 H 5- = I '91 square inches area, 

2-5 

and by reference to the table this would require 

say ....... 3" X 2i" X f. 

NEXT BAR, ?-^ + r*0003 X 2-32^j = I ' 16 + -^2 , 

say side of angle iron 2 inches, then 

'7127 . , 

I • 16 + .^ . =t I • 34 square inches area, 

say . . . . . , . 2rX2"xtV". 
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AREA OF ANGLE OR TEE IRON IN SQUARE INCHES. 

(See Fig. 139.) 



Size of Angle or Tee. 
Width and Depth. 



Thickness. 



A 



T^ 



A f 



lixii, 2x1 

ifxif, 2Xli 
2X2, 2iXli 
2iX2i, 2jX2, 3Xli 
2iX2i, 3X2,3iXli 
2|X2}, 3X2i 

3x3, 3iX2i, 4x2 

3iX3i,3iX3,4X2i 

3iX3i.4X3 

3|X3i,4X3i.4iX3 

4x4, 4iX3i, 5x3 

4iX4i, 5x4,6x3 

5x5,6x4 . 

6x5 . 

6 X 6, 8 X 4 . 



I -00 

I -16 

1-32 

1-47 
I '63 

1-78 
1-94 

2'IO 



1-37 
1-50 

1-74 
1-93 

2*12 
2-31 
2-50 
2-69 

2-86 
3-25 



2*00 
2-23 

2-44 
2*67 
2-88 
3-II 
3*32 
3-774 



2-26 
2-51 
277 
3-02 
3-28 
3-52 

3-774 

•28|4 

4-77 
5-28 

5-78 



•08 
•36 

•65 
•92 
■22 
•78 

34 
91 

47 



3-69 
4'0i 

4-32 

4-64 

5-27 

5- 

6-52 

7-15 



896 



6*22 

•9-8 

7-73 
8-48 



Area sq. inches X 3^ = weight per foot run in lbs. 
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L^_^/..^. <32\_ ..Q^ -3563 



NEXT BAR, I^+Ac)003 X I -16^)= -58 + ^ 



2 » 



say side of angle iron ij inch, then 

.58 + -22_^ = .738 sq. inches area, 

say 2" X li" X i". 

NEXT BAR, stress nil, make bar same as last, 
say 2" X 14" X i". 

In the case of a single small bridge of this kind it would 
not pay to have so many different sizes of angle iron and bars, 
it would be better to make them all uniform, taking the maxi- 
mum as the standard, viz. 

Tension bars 3^" x f ", Compression bars 3" x 24" x f ". 

We may, however, assume that there will'be a similar bridge 
on each floor at each loophole of the warehouse, and make all 
the parts proportional to the stresses, for the sake of the 
practice it gives. 

TOP FLANGE. 

When the stress is small, a X i^o*^ ^s the best section for 
the top and bottom flanges, as, being solid, there is a saving 
in labour, and corrosion has less effect. If made up of angle 
irons, the space between cannot be reached by the painter's 
brush, and oxidation is likely to occur, unless the space in 
bottom flange be filled up with Portland cement. In larger 
girders a dwarf web plate between angle irons makes a good 
flange and gives plenty of room for rivets. 

The stress varies here from 13*12 tons to 3 • 28 tons ; 13*12 
at 4 tons per sq. inch compression, not deducting rivet holes, = 

?A = 3 * 28 sq. inches, giving say a 4" X 3" x 4' t^^ ^^on ; 

4 
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but the portion of flange between each apex is under the con- 
dition of a strut, and must therefore be calculated as such. 
Assume 3 inches as smallest dimension, then 



+ I -0003 X 13-12 X „ 



13-12 , c (3-75 X 12)*) 

= -^^ + |-ooo3 X 13-12 X ^^^-^^^2 — '\ 

= 6-56 + ^ = 6-56 + ^ = 7-45 sq. inches. 



But on reference to the table we cannot get this area with 

a tee iron, having 3 inches for one dimension. Try 4 inches 

for least width, then 

7*97 
6-56 + -^ = 7-06 sq. inches, 

4 

or say a tee iron 6" x 4" X }". This would be very heavy, and 
extravagant of material towards the ends. We may, instead, 
take a lighter tee iron and rivet a stiffening plate to it as a 
flange plate, see Fig. 140, reaching over the four central bays. 
Take the stress beyond this additional plate to obtain 
section of tee iron. 



8 
2 



-V{.ooo3X8-3(37^:<-^)'} 



. 4*98 ' , 4*98 . • 

= 4- 1 + ^-^ = 4*1+ ^-^ = 4'4 sq. mches, 
say 6" X 4" X i" 

and then for the plate on top, 

7 '06 — 4*4 = 2*66 sq. inches area to make up. 

^:-: — = TTT- = '44 inches thick, 

6 mches wide 

say 6"xr. 
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FLOOR PLATES. 

. Before we can estimate the bottom flange we must work out 
the floor plates and cross beams, in order to obtain the amount 
and position of the loads producing transverse stress upon this 
flange. 

We propose to carry wrought-iron chequered floor plates 
upon 7" irons or deck beams, as shown in Fig. 128, viz. two 

to each bay, or — = I'S/S feet centre to centre, but we 

overlooked the fixing of the stiffeners, a. Fig. 129, which 
ought to appear symmetrical in the elevation, and must come 
in line with the cross beams. We had better therefore shift 
the cross beams to come under each apex and centre of each 
bay, where they will be the same distance apart, see Fig. 141. 
Common thicknesses for these plates are \ inch, -^ inch, 
and f inch, the weight per foot super being about 2 lbs. less 
than solid plate of same thickness, but we must calculate the 
thickness necessary to support the load. Each plate will be 
6 feet long x 221^ inches (i '875 feet) wide, being limited by 
the positions of the lattice girders and the cross beams. With 
the distributed load of 2\ cwt. per foot super we shall have 
I '875 X 2i X 112 = 525 lbs. per foot in width, with a span of 
22 • s inches, and for solid plates, riveted along two edges, 



V- 



000044 W/ 



where t = thickness in inches, W = distributed load in lbs., 
/ = span in inches, or shortest distance between supports, b = 
breadth in inches. 



^ ^ - 000044 X 525 X22>5 ^ .208, say i inch thick. 
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Before deciding, we must see what the effect of a concen- 
trated load would be, such as one wheel of a loaded truck. 

Full sack 2-5 cwt. + truck -75 cwt. o iu 

: X 112 = Io2 lbs., 

2 

equivalent to 182 X2 = 364 lbs. distributed, as against 525 lbs. 
provided for, but it is not usual to adopt chequered plates of 
less than -f^-inch thick, unless they have a wood backing, 

. • . say 6' X 22i" X ■^\ 

Note. — Iron floor plates have been taken to show the 
mode of calculation, but probably the noise of the traffic over 
them would be objectionable, and a wood floor would be a 
desirable substitute unless they are specially required to be 
fireproof. 

CROSS BEAMS. 

For light loads, angle, tee, or channel irons may be used ; 
for heavier loads, bridge or flange rails inverted, or deck beams ; 
and for the heaviest loads rolled joists will be the most 
economical. The load in this case will be 

External load = 6x I-87SX2-SX 112 = 3150 lbs. 
Weight of floor plate = 6 x i • 875 x (^ of 40* - 2) 118 lbs. 
Weight of cross beam = 6 X say 12 lbs. per foot run =72 lbs. 
3150+118 + 72 = 3340 lbs. distributed. 

On reference to * Molesworth's Pocket Book,' p. 140, we find 
that the largest T there given, 4 x 4 X i, only equals 14750, 

D? 



while 3340x6 feet span = 20040, but Kx= K f^^and 20040= 



D^ , . . , 3/20040x4^ 

14750 — 3 . •. depth required = V i^ygQ =4*43, or say 

* 40 = weight in lbs. of i foot super, i inch thick. 
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4j inches. The rivets to hold floor plates down being in top 
flange will be in compression, so that no deduction will be 
required, and the whole bar will then be, 
say . . ' 4" X 4i" X i" 

BOTTOM FLANGE. 

Maximum tensile stress = 12*3 tons, which at 5 tons per 
sq. inch will require ^ =2*46 sq. inches ; but in this case 

.we have also a cross strain to allow for, due to the beam 
supporting the floor and its load at centre of each bay = 
3340 lbs., equivalent to 3340 X 2 = 6680 lbs. distributed. 

The flange is, however, continuous and the stress will there- 
fore only be half that due to a simply supported beam, or the 

equivalent load will be = 3340 lbs. distributed on a tee 

beam 3*75 feet span, supported at ends ; and by Molesworth, 
p.140, 3340x3*75 = 12525, which is beyond the range of the 
table there given for JL, the highest value being 11 800 for 

4 X 4 X i . •. D = ^i^l^y^ = 4-o8 required depth, 

which is so little over 4 inches that we may say 4x4X1^ 
tee iron to take the cross strain. 

We have now to allow for the tensile stress which requires 
2*46 sq. inches net. If we increase the tee iron to 6 x 4 X J 
we gain 2x^=1 sq. inch, and by adding a plate 6 x ^ 
underneath we gain 3 sq. inches more, or 4 in all, from which 
we have to deduct rivet holes, say 

I — ^-inch hole in i-inch web = '31 sq. inches. 
2— „ „ flange = '62 

2— „ „ plate = -62 
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•31 + '62 + '62 = 1-55, and4 - 1*55 = 2*45sq. inches, or 
apparently not quite enough, but when we consider the extra 
stiffness to resist cross strain given by the increased dimensions 
we shall find we have ample section, because we may assume 
the part resisting the tensile stress to be situated about the 
neutral axis of the beam. 

The additional plate will require to run through the adjoin- 
ing bays, with a tension of i o • 66 tons, = 2 • 1 3 sq. inches, 

for which we are giving 2*45 sq. inches. 

In the next bay, if we omit the extra plate, we shall have 
only the additional 2-inch width of tee iron = i sq. inch area 
and deducting rivet holes -93 sq. inches we have practically 
nothing left. 

It will therefore be necessary to run the extra plate through 
not less than six bays of the bottom flange, in order to provide 
sufficient material, making the flange of 

tee iron 6" x 4" X \\ 

extra plate 6" X i". 

RIVETS IN FLOOR PLATES. 

The floor plates must be riveted down to prevent displace- 
ment, and as the beams are ^inch thick, we cannot possibly 
have the rivets less than ^-inch diameter, unless the holes are 
drilled. As the flange of the tee iron is in compression, the 
rivets maybe opposite each other, thus, : : :, instead of zigzag. 
They should be " knock-down " rivets in countersunk holes to 
avoid causing obstruction to the trucks passing over bridge, 
say J^inch diam. x 4-inch pitch. 

In ordinary foot-bridges it is usual to put diagonal " wind- 
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bracing " horizontally under the floor between the side girders, 
but in this case the construction of the floor with plates riveted 
to cross beams renders it exceptionally stiff", and diagonal 
bracing is not required. 

RIVETS TO HOLD UP CROSS BEAMS. 

We have assumed these to be ^ inch diameter, but we must 
prove whether they will be sufficient The load is 3340 lbs., 

or say ^^^ = 1670 at each. end. Area of -^ inch rivets 

= '3 sq. inches, safe load = 5 tons per sq. inch tension, 
•3x5 = 1*5 tons each rivet = 3360 lbs., or one rivet at each 
end would carry nearly double the required load. Notwith- 
standing this we cannot have less than two rivets in the 
tee iron, and should not make them less in diameter than 
■^ inch to go through i inch thicknesses. If these two rivets 
are placed opposite each other, they will bring the weight 
upon one side only of the bottom flange, to equalise the load- 
ing therefore, we may put them zigzag, as in Figs, i and 2, and 
have in each end, 
say ...... 2—-^ inch rivets. 

PITCH OF RIVETS IN GIRDER FLANGES. 

In top flange the extra plate being only \ inch thick, the 

riveting must be not more than 

say • . . . • • • •3 inches, pitch, 

but in the bottom flange it may be increased to 6 inches. It 

will be better, however, to divide the space between the cross 

I '875 X 12 

beams uniformly, —- = 5*625, 

4 

say .... . . . 5f inches pitch, 



.^— ^ 
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except at each cross beam where the rivets will go through 
the flange on each side of the web, each say, i inch from 
centre line of cross beam on opposite sides. 



DEFLECTION. 

•015 .y^ -ois X 30^ ^i • u 

—jr-^ ^^g = '3 • • • . A inch. 



CAMBER. 
Say ........ I inch. 

EXPANSION. 

^=*i3i,say . . . . . 1 inch. 

100 "^ ' -^ ® 

STIFFENERS. 

Two outriggers, as shown in Fig. 129. These cannot be 
calculated. Make them of tee iron, say 4 x 3 X f , and let 
cross beams project 15 inches to take them. Two rivets in 
top and two in bottom. 

LENGTH OF BEARING SURFACE. 

Assume York stone template, and stock brickwork, carry- 
ing safely 12 and 4 tons per sq. foot respectively. 

Total load on one girder . . 13* 125 tons. 

Width of bottom flange . . 6 inches. 

/=W = i31L£i=, 2-1875 feet, 
sb 12 X '5 f:> ^ 
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— = I '09 feet ; or, say, 13 inches, but it would be more 

convenient to widen the end by riveting a bearing plate on 
the bottom flange, say, 9" x 9" X i" ; then the width being 

9 inches instead of 6 inches, the length would be — — 

' ^ 12 X '75 

^ I '46 
= 1-46,-^ = -73. 

Say ........ 9 inches. 



CHAMFER ON STONE. 

W + ^span ^ I3'i25 + V30 ^ ^.^^ 

10 10 * j 

Say ........ 2 inches. 



AREA OF STONE. 

Bearing surface of girder 9 X 9 = 81 sq. inches. 

81 X 12 tons on stone . , 

7 i— v-i = . . . 243 sq. mches. 

4 tons on brick . ^ 

WIDTH OF STONE. 

2-inch chamfer + 9-inch girder + 2j-inch margin at back 
£= . . . ... . . . 13J inches. 

LENGTH OF STONE. 

243 sq. inches area o . . 

^^ . — r T^nr = • • . * . 18 inches. 

13*5 inches width 
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THICKNESS OF STONE. 

\ width of girder to \ length of stone .*. 3 inches to 9 inches, 
say . . . . .... .6 inches. 

Each stone will then be 18" X 13 J" X 6" unless made con- 
tinuous, when they would be 8' x 13^!' X 9", the thickness 
being increased to prevent breaking across the middle by 
settlement of brickwork. 

The bearing-plates should be let flush into the stone, and 
the end floor plates will then have a level bed to rest upon. 

TOTAL LENGTH OF GIRDERS. 

30 feet span + (9 inches length bearing surface of girder x 2) 
= ....... 31 feet 6 inches. 

JUNCTIONS OF BARS. 

At the junctions of the diagonal bars it will be necessary 
to put in a distance piece or washer equal in thickness to the 
webs of the top and bottom T irons, viz. \ inch thick, and of 
a diameter not less than the width of the bars. If of wrought 
iron they may be round or square, as shown at Figs. 144 
to 147, with a rivet through the centre. They may also be 
ornamented by placing a cast-iron boss, say 6 inches diameter, 
on the outside, as shown in Fig. 143, and using a small round 
washer between the bars, but the connection must then be 
made by a bolt and nut instead of a rivet, and the angle-iron 
struts must be placed on the inside of each girder, leaving 
only the flat ties on the outside. 

M 
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WEIGHT OF BRIDGE COMPLETE. 
Main girders : — 

Top flange • . . . 6 x 4 X J X iron 

= 4-77 area X 3J X 31*5 • 
Extra plate . . 6x^x3^x16 feet 

Add same for bottom flange . , . . 

Add extra length of plate 6xiX3jX7'S 



Tension bars 
Do. 
Do, 
Do. 
Compression bars 
Do. 
Do. 
Do. 
End bars 
Do. web plate 
Bearing plates 



S'S X 3ixf X3jx 2 
S'S X2|xf X3jx 2 

5-5x2 XfX3jX2 

5'5 X iJx|X3jx 2 
5*5 X 1-93 X 3jx2 
5-5 X 1-32 X 3j X 2 
5-S,x -81 X 3ix 2 
say do. 

3'75 X 1-93 X 3j X 4 
i'375 X 3*83 X i X 40 X 2 
■ '75 X '75 X i X 40 X 2 



Washers 8/ 3" diam, X i" thick, say 
Stiffeners 4 X 3 X f T i'^on 

= 2-5 X 3i X 5 X 2 
Projection of beams to receive stiffeners 

4-02 X 3j X I '25 X 2 

Add same for other girder 
Cross beams 17 x 7 X 4*02 x 3J 



Lbs. 

500 
160 

660 

660 

75 

45 

38 

28 

21 

70 

46 

30 

30 

96 

106 

22 

8 

= 84 

= 33 

2052 
= 2052 
= 1 595 



Forward 
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Lbs. 
Brought forward . 5699 

Packing pieces 2x7x4x^x3^ . •«= 15 

Floor plates (30 + 3*75) X 6 x 12 lbs. per 

foot , * = 2430 

8144 
Add 2 J per cent for rivet heads • i ^ = 204 

Total weight wrought iron (= 3*67 tons) . = 8348 
Omamentd cast-iron bosses 16 at, say, 3^ lbs. 

each ....... s= 56 

Total weight of whole bridge (= 3 ' 7 tons) * = 8404 

The estimated weight of structure was taken at 3-75 tons 
and the finished design may therefore be proceeded with. 



ESTIMATE OF COST< 

The cost will be variable according to the nlarket values 
of material and labour, but would be made up in the following 
form : — 





I 


s. 


d. 


Wrought iron at ;^io per ton i 


36 


3 


10 


Cast-iron ornam6nt at 15^. percvirt . 





7 


6 


Labour at £l lor. per ton 


12 


IS 


3 


Erection at £,\ ioj. « 


S 


9 


8 



£>^A 16 3 

M 2 
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PAINTING. 



£ s. d. 



Priming coat of red lead paint, and 
scraping and painting three coats 
best oil colour, finished approved 
tint, approximately 100 yards 
superficial, at is. ^d, . ; 650 

Extra for gilding on ornamental 
. bosses, say . . . .100 

TOTAL COST OF EACH BRIDGE. 



Ironwork and labour 


£ s. d. 
* 54 16 3 


Painting .... 


. 7 S 




£^2 I 3 


Or say, £62. 





Exclusive of brickwork and masonry, and of any charge for 
testing. 



FINISHED DRAWINGS. 



The design will have been sketched out now in its various 
parts, and the finished or " contract " drawings may be pro- 
ceeded with. See Plate 12. 
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CHAPTER XL 

WROUGHT'IRON TRUSS, FOR ROOF OF 45 FEET 
SPAN, WITH ANGLE IRON PURLINS, FIR 
COMMON RAFTERS, SLATE BATTENS, AND 
COUNTESS SLATES. 

(See Plates 13 and 14.) 

A ROOF truss is an assemblage of parts so arranged as to 
form a series of triangles ; they may be of wood, of wood and 
iron combined, or of iron only. 

"A hipped roof is more expensive than one with gable 
ends, but the hipped end is a considerable support to the 
roof, and itself offers much less resistance to the wind than a 
gable." — Maynard. 

NUMBER OF BAYS IN TRUSS FOR ORDINARY PITCH. 

The number of bays is regulated, among other things, by 
the span suitable for common rafters of ordinary section, so 
that each purlin may rest upon a junction of a strut with 
principal rafter. 

1 bay in rafter is suitable for roofs up to 15 feet span. 

2 bays in rafter are „ „ 15 „ 30 „ 

3 » » »> M ^5 » 50 y» 

4 » » » » 40 » 75 M 

5 » >» » « 60 „ 100 

For this roof with 45 feet span, say 4 bays. 
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PITCH OR RISE OF ROOF. 

The proper rise for a slated roof in England is considered 
to be i the span = 26° 33' 54", say 26J°, but 30'' is more 
likely to keep weather-tight, only costs a little more, and is 
easier to set out 

For railway stations and such like places, where an 
occasional leak is of little importance, a pitch of \ span is 
sufficient 

In this case ..... say 30°. 



CAMBER OF TIE ROD. 

Say I inch per foot run of sloping tie, or a total camber 
measured in centre oi -^to ^ span. The camber assists to 
give an appearance of strength and lightness, but actually 
increases all the stresses by reducing the effective depth of 
the truss. 

OUTLINE OF TRUSS. 

Figs. 152 to 157 show various arrangements of trussing 
suitable for straight rafter roofs, from 40 to 75 feet span, each 
rafter-being divided into four bays. 

Fig. 152 has the tie rod divided into eight equal bays by 
means of vertical ties from the rafters. 

Fig- 153 has the struts placed at right angles to the 
rafters, in order to minimise their length, struts being the 
most expensive members of the truss. This gives seven 
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unequal divisions of the tie rod, and with the pitch and camber 
fixed upon, the centre bay would be unsightly. 

Fig. 154 shows a slight modification of Fig. 153, to 
equalise the divisions of the tie rod. 

FJg« 1 55 shows only six equal divisions of the tie rod; 
this would no doubt give sufficient support to it, but the 
general appearance is not so good as that of Fig. 154. 

Fig. 156 is upon the principle of the trussed rafter, with 
secondary trussing ; it is known in America as " Fink " 
trussing. It is economical as regards material,* but the joints 
are a little more expensive. 

Fig. 157 was adopted by J. W. Barry, for a span of 
63 feet, at Ealing Broadway Station, because "the load (of 
snow and dead weight) acts vertically, therefore the struts 
should be placed vertical." 



SELECTION OF TYPE. 

In making a selection for the present case, we have three 
points to consider, viz. appearance, weight and cost The 
latter is the most important, and, as will be shown presently, 
it depends primarily upon the stresses in the individual parts. 
We must therefore construct a stress diagram for each type. 



STRESS DIAGRAMS. 

In comparing these we will assume the load to be unity 
over the whole truss, and acting vertically. The side pressure 
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of the wind need only be considered in a queen-post truss, a 
shallow arched truss, or a roof of very large span. 

For the method of constructing stress diagrams in general 
see the author's * Strains in Ironwork.' 



DISTRIBUTION OF LOADING. 

The common method is to assume the load equally dis- 
tributed, and that each point of support carries half the load 
between itself and the next support, so that a truss with the 
principal rafters divided into four bays would have the loads 
= tV» h h h A ^^ ^^^h = unity total load. But assuming 
the common rafters to be in the condition of continuous 
beams, Rankine shows that the distribution of loading would 
be i^y i^y Hiy Hiy ^i o" ^ach principal rafter = unity 
total load. 

See also "Theorem of Three Moments," Molesworth, 
p. 164. 

The common method is sufficiently accurate for all 
practical purposes, and the stress diagrams may be proceeded 
with. 

STRESS DIAGRAM FOR TRUSSED RAFTER ROOF. 

In the case of Fig. 156, there is a difficulty in drawing the 
stress diagram by the reciprocal method alone, because when 
space 15 is reached there are three unknown parts dependent 
on each other. Rankine's "Method of Sections" or the 
" Principle of Moments " may be used to determine the stress 
in the tie rod, and its value may be transferred to the 
diagram ; thus. 
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Moment at centre, with unity total load, due to 

load 4 — 5 X hor. dist from centre = |^ X 5*63 = 0*70375 
,» 3— 4 X „ „ = i X 11-26 = 1-40750 

„ 2— 3 X „ „ = I X 16-89 = 2-III25 

„ 1—2 X „ „ =tVx 22-50= 1-40625 



5-62875 



Moment at centre due to re-l 

., , , , ^ > = i X 22-5 = 11-25000 

action of load on whole rafter J 

Less . 5*62875 



Difference = 5 - 62 1 2 5 
Then stress in tie-rod = 
5-62125 -f- 11*725 depth of truss = ... -48 

Another and simpler method of finding the stress on 
1 1 -1 8 is to assume the subdivisions 12 to 17 absent, then the 
truss and loading will be as Fig. 164, and the diagram as 
Fig. 165, from which the stress on the centre tie may be 
transferred to the original diagram, Fig. 162. 

It will also be observed that 16-17, Fig. 162, is in line 
with 12-13 ; if, then, when line 14-15 is reached, 4-16 and 5-17 
be drawn indefinitely and cut off at 16-17, then 14-15 and 
16-15 may be drawn, also 17-18 and 11- 18; this follows 
because 14-15 is parallel to 12-13 in Fig. 156, and the stress 
on 15-16 is equal to that on 13-14. This, however, is not so 
scientific a method of procedure as the others. 

Still another method of obtaining the stress diagram is 
shown by a correspondent in Engineering for 29th Dec. 
1893, p. 798. 
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COMPARATIVE ECONOMY OF TRUSSING. 

Mr. Thomas Gillott* compares the value of different 
types by taking the products of the lengths of the various 
members by the stress upon them, dividing the sum of those 
in tension by 4 tons per sq. inch, and the sum of those in 
compression by i^ tons per sq. inch. The results added 
together for each truss give their comparative weights. 



WEIGHT OF IRON ROOF TRUSSES. 

The comparative weights found above for unity load X 
actual load on each truss in tons x 2 to 3-5 constant = 
approximate actual weight in lbs., but for ordinary spans the 
weight of truss is seldom taken out very carefully, as it bears 
so small a proportion to the whole load. 

Hurst, 13th edition, p. 70, gives the following table of 
weight of iron trusses : — 





20 feet span 


. 






= 270 lbs. 




30 








= 620 „ 




40 








= I 13s „ 




SO 








= 1890 „ 




60 „ 








= 3000 „ 




In Merriman's 


* Roofs and 


Bridges 


' the weight of truss in 


lbs 


is giveq as 










Timber . 


. 


= 


\al{i^^l). 




Iron 


. 


= 


lal{i+^l). 




Where / = 


span feet, a 


= tri 


iss 


spacing feet. 



Another approximate rule, near enough for ordinary pur- 
poses, is 

•75 (span feet'*) = weight of truss in lbs. 

* Trans. Soc. Eng., 1881. 
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SUMMATION OF STRESSES. 

In order to save space, we will here show only one 
example in detail, the others would be similar, and should 
be worked out for practice. 

Stress. 



Left. 
2 — 12 

3—13 
4—16 

s— 17 

12—13 

14— IS 
16—17 



Right. 

9—24 

8—23 

7 — 20 

6—19 

23—24 

21 — 22 

ig — 20 



I •02s* 
•96s* 
.9 * 

•84* 
•II 
•21S 
•n 



Length. 

6-5 
6-S 
6-S 
6-5 
3-0 
6-0 
3-0 



Product. 
6-6625 

6 -6625 
6' 662s 
6-662$ 

•33 

1*29 

•33 

28-6000 

2 



Total + S7'2000 



Left. 


Right. 


Stress. 


Length. 


Product. 


II— 12 


II — 24 


•89 


7-2 


6-408 


II— 14 


II — 22 


•765 


7-2 


5-508 


13—14 


22—23 


•13 


7-2 


•936 


IS-I6 


20—21 


•13 


7-2 


•936 


IS-18 


18—21 


•30s 


7-2 


2-196 


17-18 


18—19 


H3 


7-2 


3-096 



Ii_i8 K -48 I 



i6-6 I 
Total - 



19-080 
2 

38-160 
7-968 

46-128 



* As the section of principal rafter must be uniform, the maximum 
stress of 1*025 ^^^^ be taken for each bay. 
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Sum 


of tension members 46-128 -7-4 


= 11-532 


ty 


compression „ 57*2 -r- i^ 
Comparative weight . 


= 45-760 




= 57-292 


The 


comparison of the six trusses will be as follows : — 




Truss Fig. i = 60*462 






„ 2 = S9'8o9 






3 


„ 3 = 58-830 








» 4 = 59-318 








„ 5 = 57-292 






i 


, „ 6 = 58-583 





In general the cost will vary nearly as the weight, we 
may therefore decide that Fig. 1 56 is the type to adopt for 
our roof. 

This type has been adopted for roofs up to 90 feet span, 
but Prof. Unwin recommends that it should not be used for 
spans exceeding 60' feet. 

NATURE OF COVERING. 

The cheapest covering is galvanised corrugated iron upon 
curved trusses ; a series of such roofs of 45 feet span designed 
by the author and fixed 60 feet above ground-level cost £^ 
per square measured on plan, complete^ including all charges. 
A plain curved roof is always unsightly, a raised skylight 
running throughout the length of it in the centre improves 
the appearance, but adds to the cost. 

A straight rafter roof is more suitable for slating or 
glazing. 

Iron trusses are generally exposed to view on under side. 
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When covered with slates, slate battens 3j X i, or 3 x ij, 
may be used for laying them on, but if the interior be exposed 
to gusts of wind, boarding must be used to prevent the slates 
from blowing up, and when the interior has to be kept 
draught-tight the boarding must be covered with roofing felt. 
In exposed situations steeper pitch or heavier slates must be 
used, iron roofs are often too flat, \ span being a common 
proportion for the rise. 



LOAD ON ROOFS. 

Wray's 'Theory of Construction,* p. 195, gives a very 
complete table. All we require for the present roof are the 
following : — 

Countess slating . 

Slate battens for ditto . 

Slate boarding or sarking (|") 

Common rafters . 

Snow .... 

Wind (average vertical load 
on straight rafter roofs) 

Purlins and trusses (iron) ' 

Amounting to say, 56 lbs. per foot superficial, measured on 
the sloping surface. 

The late architect on a large railway always calculated 
his roofs for a vertical load of 60 lbs. per foot superficial, to 
include all contingencies, which is apparently a fair approxi- 
mation to actual conditions, as excessive corrosion must be 
provided against. It must be borne in mind, however, that 
some roof trusses, especially when curved, require to be con- 



. 8 


lbs 


. per sq 


. foot 


. li 
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') 2i 
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• 3 
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sidered when loaded unsymmetrically, as by the wind acting 
on one side only. 

The actual effect of the wind pressure on this roof truss is 
discussed in a paper by the author, entitled "Wind Pressure 
on Roofs." * It is shown that no material error arises in this 
case through assuming a vertical wind load. 

DISTANCE APART OF TRUSSES 

varies from S feet in small roofs to 30 feet in large roofs, 
and may be about \ of span in roofs of moderate size. A 
common distance is 10 feet to 12 feet 6 inches. 

The most economical distance depends upon the stress in 
the compression members, compared with their length. By 
placing the trusses further apart, the sections of the com- 
pression bars will be increased, while their length remains the 
same, and therefore a greater thrust per sq. inch of section 
may be put upon them. 

From existing examples a suitable formula would appear 

to be 

Distance apart = . . . ^^ ^ t-^ • 

^ '03 span + 2 

According to Matheson, the distance apart should be \ 
to \ the span : " if these limits be overstepped there will be 
an unprofitable employment of material." 

^ at say II feet 3 inches. 

4 

The same type may be used for larger or smaller spans, 

by varying the distance apart of the trusses, thus — 

Span X distance apart - a a- ^ ^ 

-^ 5 — = required distance apart. 

proposed span ^ ^ 

* Spon, 2nd edition, 1893, 6d. 
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TOTAL LOAD ON EACH TRUSS. 

We are now in a position to determine this. 

For length of rafter, / = ^/ ( J span)^ + total rise^ or when 
pitch = 30°, then length of rafter = twice total rise of roof; 
or J span x 2 tan 30° = 22 • 5 x i • 155 = 25 -9875 say 26 feet, 
which may also be scaled off from Fig. 156. 

Area of roof surface supported by truss = twice length of 
rafter x centre distance of trusses = 2X 26 X 11*25 = 5^5 
feet sup. 

Total load = 585 feet x 60 lbs. = . .35,100 lbs. 

ACTUAL STRESSES ON TRUSS. 

The actual stresses on the selected truss may now be 

obtained by multiplying the unit stress by 35,100 for the 

^c 100 

result in lbs., or by ^^ = say 15J for the result in tons. 

2240 

This will give us the stresses marked on Fig. 15, and the 
detailed designing of the truss may be proceeded with. 

A rough method in designing iron roofs when they were 
first adopted, was to provide sufficient material for the parts 
in tension to be strained to 5 tons per sq. inch, and those in 
compression to 2 J tons per sq. inch, irrespective of their length, 
but this is a very unsafe and objectionable method. 

PRINCIPAL RAFTER. 

In small roofs generally "f iron, but occasionally two 
angle irons back to back, or two channel bars may be used, 
with ends of bracing bars between them. When loaded 
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between the points of support,* the top table of "f iron is made 
as small as will resist the thrust without buckling, and the 
vertical web deep to resist the cross strain, sufficient dimen- 
sions being given to the parts to allow of proper connections 
with the other members of the truss. When the load is 
applied over the points of support only, the breadth and 
depth are generally made equal. 

The section must be designed for the maximum stress, 
and being uniform, will involve a slight waste of material, 
which is avoided in larger structures. 

The greatest thrust is at the foot of the rafter, and in this 
design, as the purlins come upon the junctions, there is no 
bending stress beyond that due to its own weight 

Maximum stress. . . 15*89 tons, Fig. 166. 

Unsupported length . . 6*5 feet. 

In roofs the principal rafter is so favourably situated as 
regards position and fixing, that Box considers that a "f iron 
may be safely strained to 5 tons per sq. inch. 

= 4 X 4 X tI^ T iron. 
If taken simply as a pillar fixed one end. Box t would give 
the necessary size as 

= 4i X 4i X i T iron. 
Gordon's formula % 

16 S 



B. W. tons = 






* An excessive strain is caused by the combination of a transverse and 
direct stress, which should always be avoided if possible. With a little 
care the trussing can generally be arranged so that a strut comes under 
each purlin, but there are some cases where the load is necessarily applied 
at shorter intervals. t * Strength of Materials,' p. 290. 

X Hurst's * Handbook,' 13th edition, p. 43. 
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where S = sectional area sq. inches, / = length in inches, 
a = constant, d = least diameter or breadth in inches. 

Taking a = 1,500 for cross, angle, or tee ; factor of safety 

= i> and -— - for only one end fixed, would give safe load of 

nearly 3 tons per sq. inch, or say = 4J" X 4i" X f " tee iron. 

Our rule on p. 150, for lattice girder struts, would show at 
least a 6" x 6" X ^\ tee iron, but in that case vibration had 
to be allowed for. 

We shall therefore be quite safe in taking the required 
size as 4J" x 4i" X %' 

The joints must be left for consideration until the cross 
sections of all the members are decided upon. 

STRUTS. 

These may be wrought or cast iron, but are generally 
wrought, unless an ornamental effect be desired by their use. 
They must be of a section suited to resist thrust, such as angle 
or tee iron, or two flat bars with distance pieces between, or 
channel bars with distance pieces. The distance pieces may 
be of gas pipe or of cast iron. 

COMPARATIVE STRENGTH OF STRUTS ACCORDING 
TO MODE OF FIXING. 

" If a pillar or strut of given length, pivoted at ends, be 
taken as unity, the same formula will give strength of pillar 
with fixed ends by taking it as of half the length ; and one 
end fixed and one pivoted, by taking two-thirds the length." 
— Max am Ende, 

"Mr. Davies, of the Crumlin Works, found that when 

N 
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angle iron or other struts were reduced to a flat plate at the 
ends, for the purpose of riveting, the strength was reduced by 
from one-tenth to one-third. — Umvin, 

Ordinary struts are all more or less fixed at ends and a 
rough approximate rule for safe load in tons per sq. inch 
sectional area in wrought iron, is 



Length 

Least width 

60 


Tons per 
sq. in. 

. . . i 


50 


. I 


40 . . 


. li 


30 


, 2 


20 


• 3. 


10 


. 4 



This table is for dead loads, as in roofs ; take half for live 
loads, as in bridges and cranes. 



SIZE OF STRUTS. 

Let the short struts be made of angle iron. 

Stress =s 1-71 tons. Fig. 166. 
Unsupported length = 3 feet, 

taking Gordon's formula as before, but with a further modifi- 
cation to — to allow for both ends pivoted. 

Safe load per sq. inch = ^-j^ — , 



I + 



375 rf' 



and taking 2 inches as the least dimension, we get a safe load 
of 2* 14 tons per sq. inch, which will require an angle iron, 
say 2" X 2" X i" 
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Let the long struts be made of two bars with distance 

pieces between. They will be in the condition of pillars 

liable to bend on the least diameter, which will be the width 

of the bars. 

Stress = 3*33 tons, Fig. 166. 

Unsupported length = 6 feet, 

same formula as last and 2 inches for least dimension gives a 
safe load of -9 tons per sq. inch, or 3*7 sq. inch, which would 
be rather much for two bars. 

Say 2\ inches for least dimension, then we have safe 
load I '24 tons per sq. inch, or 2*7 sq. inch section, 

2*7 

and -^ = O' S4 inch thick. 

2 X 2i 

say 2 bars, each 2^' X ^\ 

Long inclined struts tend to deflect by their own weight, 
and although allowance is not usually made for this, the fact 
must not be lost sight of in designing large roofs. 

The space between the distance pieces should be such 
that the ratio of width of bar to length of strut is the same as 
thickness of bar to space between distance pieces, 

2i" : 6 o" : : ^' : 1-35 feet or less. 
.-. the 6 feet must be divided into 5 spaces of f = 1*2 feet 
each. 

TIE RODS OR TENSION BARS. 

Generally a single round bar is used ; occasionally, where 
a greater stress is to be resisted, one or more flat bars with 
the largest dimension vertical ; with flat bars the joints are 
sometimes simpler. With tension members the length is of 

N 2 
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no consequence unless the piece is horizontal or nearly so, 
and then it only needs consideration in extreme cases. 

The working strength of wrought iron in tension is 5 tons 
per sq. inch, but in the tie rods of a roof there are various 
welds, at each of which a loss of 20 per cent, of the original 
strength may occur, hence it will not be proper to estimate 
more than 4 tons per sq. inch safe load, unless increased 
diameter is given at the welds. 

Taking round rods at 4 tons per sq. inch, the following 
will be the dimensions : — 



Middle ties 



Inner ties . . stress 2*02 tons = -J^" diameter. 

f „ 4'73 „ li 

„ 7*44 „ ^T^ 

Main ties . ^ | „ 11*89 „ ^\% » 

„ 13-80 „ 2^ 



KING ROD. 

If thought necessary a light rod may be put in to prevent 
the tie rod from sagging, similar to that shown in Fig. 157, 
but it is hardly wanted in this case. 



SHOES OR CHAIRS. 

Each end of the truss must rest on a shoe or chair to allow 
of proper bedding on the supports. Generally this is made 
to form part of the connection between tie rod and foot of 
principal rafter. It may be cast or wrought iron. 
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JOINTS AND CONNECTIONS. 

These may now be designed, and should be drawn out to 
a large scale, showing all details. See Figs. 171 to 179, and 
complete truss, Fig. 180. 

The diameter of pin or bolt through end of tie should not 
be less than diameter of tie, and sectional area through sides 
of eye should not be less than ij. times sectional area of pin. 
In roofs exceeding 45 feet span means should be provided for 
tightening up the parts, generally by cotters through ends of 
main tie rod or coupling screw with right and left hand thread 
in centre of rod ; they are sometimes put in roofs exceeding 
20 feet span. 

"In fixing iron roofs, care should be taken to have the 
connections properly forged, and the bolts and keys of 
sufficient strength." — Hurst. 

In clothing the outline of truss the axes of centres of 
gravity of the members should coincide as closely as possible 
with the original lines of the " frame diagram," in order that 
there may be no distorting elements when the truss is loaded. 
See stroke and dot lines in Figs. 171 to 179. 

FIXING OF TRUSS. 

Iron trusses, unless arched, should only be fixed at one 
end on account of change of temperature, causing expansion 
and contraction. The fixed end should be the side from 
which the strongest winds blow, say the south-west in the 
neighbourhood of London, unless more exposed to any other 
quarter. 

The chair at fixed end should be bolted down by lewis 
bolts to a sufficiently massive stone bonded in the wall, or be 
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fixed by cleats or joggles. The chair at other end should 
rest on a flat plate of cast iron, bolted down or otherwise 
secured, and in larger roofs friction rollers should be inter- 
posed/ 

WIND TIES. 

Light wrought-iron rods, to prevent the straining of a roof 
by an oblique wind, are frequently fixed between the trusses, 
passing up and down from bottom of king bolt of one to ridge 
of next, as in Fig. 167. 

Or they are fixed diagonally across say three bays, from 
the springing to the ridge, as in Fig. 168. 

These are not calculated but may be made of a diameter 
= \ inch per 10 feet span + \ inch, for the former case ; and 
f inch per 10 feet span for width, and -^ inch per 10 feet 
span for thickness, in the latter case, being fixed at the 
crossing of each truss. 

Many engineers only put wind ties in the last two or three 
bays of a long roof, considering that if the purlins are properly 
connected the remainder of the structure will be stiff enough ; 
they are usually omitted altogether in roofs that are not very 
much exposed. 

ERECTION OF ROOF. 

When roof trusses are put together on the ground and 
lifted into place by a derrick pole, care should be taken to 
sling them from two points sufficiently far apart to avoid 
buckling the tension rods, which might occur when they were 
lifted from the junction of the principal rafters if there were 
any surging of the tackle. 

For facility of carriage and transport, this truss might be 
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sent out from the factory in three pieces, viz. : — one main tie 
rod and two trussed rafters, each with one of the apex plates, 
temporary bolts and wood blocks being used where necessary, 
to keep the parts firmly together. 



COST OF TRUSSES. 

From Mr. Gillott's investigations the respective costs of 
ties and struts to transmit a unit of stress (i ton) through a 
unit of length (i foot) = 2*35 pence and 3 pence. 

The relative cost of trusses may then be found by summing 
the products of length by actual stress for the various members, 
and multiplying by the above figures. 

Applying this method to our selected truss. 

£ s. d. 
(-) 46-128 X 15-5 X 2-36 = 707 
(+) 57*2 X 15-5 X 3 = II I 8 



18 



The complete list including the other types will be, 

I s. d. 

Fig. I 18 14 2 

« 2 



3 
4 
5 
6 



18 10 II 
18 7 o 
18 8 2 
18 2 3 
18 16 7 



so that the selected type comes out the cheapest as well as 
the lightest. 
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COST OF ROOFING COMPLETE. 

In Walmisley's paper on Iron Roofs (Soc. Eng. Trans., 
1 881) various examples are given, the cost of which varied 
from £6 to ;^5o per square measured on plan, large roofs 
costing the most. £\o per square appears to be a fair price 
for a roof 40 to 50 feet span. 



i85 



CHAPTER XII, 

SPECIFICATION TESTS AND TABLE OF 
WORKING STRESSES. 

SPECIFICATION TESTS OF CAST IRON. 

Three bars, each 3 feet 6 inches long, 2 inches deep, and 
I inch wide, to be cast on edge, in a dry mould, from each 
melting at which any of the specified work is cast. These 
bars are to be tested separately as follows : — The lower side or 
thin edge of the casting to be placed downwards * upon rigid 
bearings, with 3 feet clear span ; each bar to deflect not less 
than ^ inch with a load of 25 cwt. in centre, having a bearing 
not more than i inch wide upon the bar, and to break with a 
minimum load of 28 cwt., and an average upon the three bars 
of not less than 30 cwt. 

Samples prepared in the lathe are to bear 2\ tons per 
square inch tensile strain before loss of elasticity, and to 
break with not less than 7 tons per square inch, or an average 
on three samples of 7| tons. 

TESTS OF CAST IRON FOR PIPE-MAKING. 

"A bar of metal 40 inches long, 2 inches deep and i inch 
wide, the weight of which must not exceed 21 lbs., shall, when 

* Placed the other waylup, a reduction of 15 to 20 per cent, in the 
apparent strength may occur. 
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supported on edge at points 36 inches apart, sustain a load of 
3000 lbs. supported at the middle of its bearing for one hour, 
and shall under this load deflect at least f inch at the middle, 
or a bar 8 inches long and i inch square in section shall 
sustain a load of 8 tons tensile stress for one hour." 



SPECIFICATION TESTS OF COMMON WROUGHT IRON. 



Class. 


Tons per square inch, 
Tensile Strength. 


Contraction per cent« 
at point of Fracture. 


Rivet iron 

Rods, bars and angles . . 
Plates 


22 
21 
20 


20 

I2J 

10 



SPECIFICATION TESTS OF WROUGHT IRON 
(Bridge and Girder Work). 



Class. 


Tons per 

square inch. 

Tensile 

Strength. 


Elongation ♦ 

per cent at 

20 tons. 


Contraction 

per cent, at 

Point of 

Fracture. 


Rivet iron 

Rod and bar iron . . 
Angle and tee iron 
Plates, with grain . . 
Plates, across ^rain 


25 
24 
22 
21 
18 


10 

7i 
6 

4i 
2i 


30 
20 

15 
10 

5 



* In a length of 8 inches. 



specification Tests and Working Stresses. 187 



SPECIFICATION TESTS OF WROUGHT IRON AND STEEL. 
(Shipbuilding.) 



Class. 



Tons per 

square inch, 

Tensile 

Strength. 



Elongation ♦ 

per cent on 

Fracture. 



Toughness.! 



Rivet iron 

Rod and bar iron 
Angle and tee iron . . 
Iron plates, with grain 
Iron plates, across grain 
Steel plates (both directions) 
Steel bars and angles 



26 
24 
22 
20 

19 
28 

30 



25 
IS 

I2i 

7i 

6 
20 
25 



650 
360 
275 
ISO 
114 
560 
750 



* In a length of 6i inches. 

t Should the actual elongation in sixteenths of an inch, multiplied by 
the stress in tons per square inch, upon rupture, be more than 10 per cent, 
under the amounts given in the last column, the material will be rejected. 

Wrought Iron. — Cold bending in vice — \ inch plate 35°, 
f inch plate 55°, -^ inch plate 63°, J inch plate 70°, rivet iron 
to double close, without cracking. 

Steel. — Steel plates should be capable of being bent 
to an inside radius of i J times their thickness, when heated to 
a low cherry red, and cooled in water of a temperature of 
28° C. = 82° F. . 

For Admiralty tests see * Molesworth,' p. 28 (21st edition). 

Lloyd's regulations allow a reduction of 20 per cent, in 
the scantlings of a steel ship as compared with iron, but the 
total weight of material used is only about 14 per cent. less. 
The cost is about the same in steel or iron. 
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TABLE OF WORKING STRESSES. 

The common working stresses in tons per square inch 
that may safely be allowed in ordinary structures are as 
follows — 



Tension. Compression. 



Cast iron 
Wrought iron 
Mild steel 



5 
7i 



7 
4 
6 






Single Shear. 


Double Shear. 


Rivets, iron 
Rivets, steel 


s 

6 


7\ 
9 



Oak 
Fir 



Across Grain. 



With Grain. 



350 lbs. = jfo" tons 
250 „ = iV V 



675 lbs. = ^ tons 
450 „ = T^o " 



Parts wholly in compression and exceeding five diameters 
in length should be calculated as struts or pillars. This 
applies also to girder webs, but a simple rule, to avoid calcu- 
lation as a pillar, is to allow 3 tons per square inch shear 
stress up to 2 feet deep, and 2 tons when deeper. 

For safe load on materials see Chapter IV. p. 43. 
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Abacus of column, 135 
Admiralty tests for steel, 187 
Allowance for load on floors, 142 
American practice, bearing pressure, 33 
shear stress, 33 

— yellow pine, 116 

Angle and bar iron, strength of, 186, 

187 

brackets in cast-iron girder, 2 

fillets on cast iron, 12 

iron, as part of flange, 49 

common proportions of, 54 

Approximate area of flanges, 50 

cost of cast-iron girder, 16, 107 

roof trusses, 183 

wrought-iron girder, 58 

safe load on columns and 

stanchions, 109 

, — 1. struts, 1 78 

weight of cast-iron girder, 4, 99 

Hitched beam, 18 

: rolled joist, 64 

— trussed beam, 86 

wrought-iron girder, 41 

Area at bottom of threavi, 90 

of rivets, 147 

Arrangement of flitch plates, 17 

members in roof truss, 166 

Ashlar stone, 137 

Average cost of rivets, 35, 58 

working stresses, 188 

Baltic yellow deal, 116 

Bars under compression, formula for, 

149, 176 
Base plates for columns, 121 
Bearing area of pins, rivets and bolts, 

33 

pressure in holes, 33 

on timber, 21, 91, 92, 188 

plate on girder, 160 

surface of cast-iron girder, 2 

to calculate, 4, 44, 65 

Bedding of columns, 136 
Belgian joists, 80 



Belgian rails, 95 
Bending moment, 76 
Blind holes, 34 
Bending tests, 187 

Board of Trade allowance for deflec- 
tion, 51 
regulations for girders, 48, 

lOI 

Bolts, cost of, 25 

for flitch beam, 22 

nuts and washers, proportions of, 

92 

shearing strength of, 32 

Bottom flange, c.-i. girder, section of, 8 
uniformity of 

thickness, 2 
variation of width, 

2 

of column, 138 

Bricks, number in a rod, 62 
Brickwork, contents of rod reduced, 61 
—. — cost of, how made up, 61 

height of courses, 62 

safe load on, 4, 43 

Bressummers, 97 
Buckling of web, 46 
Butt joints, 28, 35 

Camber of cast-iron girder, 13, 105 

wrought-iron girder, 51 

in tie rod of roof, 166 

Cantilevers, i, 2, 7 

Carbon in cast and wrought iron, I 

Casting of columns, 140 

aetailed cost of, 120 

unequal thickness of, 124 

Castings, relative cost of, 119 

uniformity of thickness, 1 1 

Cast iron, arrangement of crystals in 

cooling, 13 
as cantilever and continuous 

girder, 2 
average working stresses, 

i38 
column, 121 
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Cast iron, characteristics of, i 

girder, I, 96 

as bressummer, ii, 97 

area of flange for given 

load, 99 

camber of, 13, 105 

cost of, 16 

deflection of, 13, 104 

ends partly fixed, 5 

loaded on one side, 

11,99 
proportions of web, 1 1, 

103 

ratio depth to span, 3 

'■ of flanges, 10, 99 

size of bottom flange, 

9, 99, 102 
top flange, 1 1, 99, 

102 

testing of, 107, 125 

— ^ weight of, 4, 98 

initial strains in cooling, 1 1 

safe load in tension, 8, 188 

sample bar for testing, 185 

specification tests, 105 

stanchion, 108 

tests of, for pipes, 185 

ultimate resistance, 125 

weight of, 15, 106 

Centre of gravity in members of truss, 

181 
Chain riveting, 28 
Chair for end of roof truss, 180 
Chamfer on stone beds, 14, 39, 42, 65, 

145. 160 
Chaplet for supporting core, 118 
Chequered floor plates, 154, 157 
Clear span, definition of, 3, 39 
Cleveland plates, limits of size, 20, 52 
Coefficient of reaction, 7 
Columns, classification of, 123 
examples of, with flat or rounded 

ends, 121 

flexure of, 122 

outline of, 135 

proportion of diameter to length, 

123 

sectional area of, 125 

thickness of metal in, 124 

Common rafters, weight of, 173 

wrought iron, strength of, 186 

Compound girders, 81 

Constants for strength of rolled joists, 

81 
Continuous girders, 2, 5, 7, 38 
Contraction of area on fracture, 34, 

186, 187 
Coped templates, 22 
Core for pattern, 118 



Cost of balk timber, 94 

bolts, nuts and washers, 25 

cast-iron girder, 16, 106 

stanchion, 120 

creosoted timber, 94 

holes in iron, 81 

lattice girder bridge, 163, 164 

making pattern, 118 

oak, 25 

painting, 25, 164 

perforations for bolts, 25 

punching holes, 25 

riveting, 35 

rolled joists, 79 

roofing, per square, 172, 184 

sawing, 25, 117 

steel flanged rails, 95 

vanous castings, 1 19, 163 

wood for pattern-making, 1 16 

wrought-iron girder, 58 

in flitch plates, 25 

Counterbracing in trussed beam, 83 
Cover plates, 47, S^, 53 
Creosoting timber, 93 
Cross beams of tee-iron, strength of, 

155 
Crushing stress in holes, 33 

on steel, 33 

Curved roofs, 172, 173 
Cutting out defective rivets, 35 

Dantzic fir, 84, 85 

Deal, nominal £lnd finished thickness, 

117 
Deduction for rivets in tension flange, 

49 
Defective riveting, 34 
Definition of dead and live loads, 2 
Deflection of cast-iron girder, 13, 104, 

107 

test-bar, 185, 186 

lattice girder, 159 

rolled joist, 79 

wrought-iron girder, 51 

Depth of girder, how measured, 3, 40 

reduced towards ends, 2 

cast-iron girder, 3, 98 

lattice gii3er, 144 

rolled joists, 63 

trussed beam, 86 

web plate, 40 

Diameter of rivets, 46 

Distributed and concentrated loads, 2, 

39 
Distribution of loading on roof truss, 

168 
Drifting rivet holes, 34 
Drilling, effect of, 31' 
Durability of timber, I9 
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Effective depth, 3, 40, 98 

load, 6 

span, 3, 6, 39 

Elm, use of, 19 

Elongation under stress, 34, 186, l?7 

End pillar of lattice girder, 145 

plates of girder, 50 

Entasis of column, 130 

Erection of girders, cost of, 16, 58, 163 

roof trusses, 182 

Exp^aision of girder by heat, 51 

Extras on rolled joists, 80 

Eye for tie rod, proportions of, 181 

Factor of safety, 9, 65, 126 

cast-iron girder, 9 

stanchion, 109 

rolled joists, 66 

wood, 19 

Featherings in angles of cast iron, 12, 

103, 114 
Feathers in cast-iron girder, 2, 12 
Fender stones to columns, 126 
Field riveting, 36 
Fillets in angles of cast iron, 12, 103, 

114 
Fink roof truss, 167 
Fir timber, varieties of, 84 

safe load on, 21, 91, 92, 188 

Fish-bellied girder, 97 
Fixing cast-iron girders, 5 

roof trusses, 181 

wrought-iroh girders, 56 

Flange plates, thickness of, 49 
Flanges for lattice girder, 152 

width of, 40, 102 

Flitched beam, 17 

approximate dimensions of, 

19 

formula for, 18 

weight of, 18 

■ wood for, 19 

Flitch plate, thickness of, 19 
Floors, safe load on, 142 
Footbridge, 141 
Formula for bars under compression, 

149 
cast-iron girder under live load, 

lOI 

deflection, 13, 51, 79, 104. IS9 

distance apart of roof trusses, 174 

strength of column, 127 

rectangular beam, 87 

stanchion, no 

stress in flanges, 7, loi 

struts in roof, 176 

thickness of floor plates, 154 

Foundry charges, 120 

Fractional power by logarithms, 130 



Fractional power without logarithms, 

III 
Frame diagram, 181 
Friction of riveted joint, 3 

Gangways and gantries, 83 

Girder beds, proportions of, 14, 22, 39, 

55, 56, 105, 161 

pads, 15, 56 

webs, safe stress on, 189 

Girders, cast-iron, calculation of, I, 96 

weight of, 4, 98 

lattice, calculation of, 141 

wrought-iron, calculation of, 38 

weight of, 41 ■ 

objection to fixing ends, 56 

reduction of depth towards ends, 

2 

of uniform strength, 97 

Gordon's formula for columns, 131 

stanchions, 1 10 

struts, 176 

Hand riveting, 29, 36, 37 
Hodgkinson's formula for cast-iron 
giSer, 8 

columns, 128 

Holding-down bolts, 92, 181 

Initial strains in cooling, 1 1 
Intermediate feathers in cast-iron girder, 

12 
Invoice weights, 139 

Joints in flange plates, 52, 53 

lattice girders, 146 

Junctions of lattice bars, 161 . 

King rod, 180 
Knock-down rivets, 157 

Lap of riveted joint, 30 

joint, 28 

Large wrought-iron girders, 39 
.Lattice girder, 141 

arrangement of joints, 146 

cost of, 163, 164 

depth of, 145 

stresses in, 146 

Length of bearing surface, 4, 5, 44, 65 

flange plates, 50 

rivets, 34 

Lewis bolt, 81 

Limit of span for cast-iron girders, 97 

various types of roof truss, 

165 
Limits of weight and size in wrought 

iron, 20 
Live load, 39, 97 
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Live load, extra stress caused by, 98 

Lloyd's regulations, 187 

Loads on bridges, 97 

Logarithms, 130 

Loose rivets, 34, 35 

Loss of strength by punching and 

drilling, 31 
Low Moor rivet, strength of, 147 

Machine riveting, 29, 37 
Maintenance of timber structures, 25 
Market description of rolled joists, 63 

dimensions of plates and angles, 

40, 52 

sizes of timber, 84, 94 

widths of plates, 40 

Marks on balk timber, 85 
Mean depth, 40 
Memel timber, 84, 85 
Metalling on road bridges, 97 
Method of testing stone blocks, 44 
Minimum lap and pitch, 30 
Modulus of rupture, 23, 75 

section, 23, 75 

Moment of inertia, 75 

resistance, 76 

Mortar, composition of, 61 
Moulding and founding, cost of, 120 

Nominal and actual diameter of rivets, 

28, 49, 147 
Norwegian timber, 84 
Number of bays in lattice girder, 145 

roof truss, 165 

rivets put in per hour, 36 

Oak, modulus of rupture, 23 

safe load on, 188 

use of, 19 

weight of, 23 

Ornamental bosses for lattice girder 
bridge, 163 

columns, 136 

struts, 177 

Overbridges, 96, 97 

Overhead traveller, columns for, 126 

trussed beams for, 83 

Painting, 24. 25, 164 
Parabola of stress, 7, 59 
Parabolic curve for depth of girder, 2, 

104 
Patent girders, 81 . 
Pattern-making, cost of, 118 
Pattern-makers' pine, 116 
Permanent set, 34, 48 
Piece-work riveting, 35 
Pine, 116 
Pinus strobus, 1 16 



Pinus sylvestris, 117 
Pitch of rivets, 30, 46, 50 

roof, 166, 173 

Pitch pine, 85 

Plate girder, 38 

Portland stone, safe load on, 4 

Practical rivet tests, 34 

Principal rafter of iron roof, 175 

Print on pattern, 118 

Proportions of bolts for carpentry, 92 

flanges in cast-iron girder, 102 

Protection of timber from decay, 93 
Puuching, effect of, 31 

Quality of material, 58, 187 

Raking struts or outriggers, 145 
Rankine*s ** Method of Seciions," 168 

** Principle of Moments," 168 

Reaction, coefficient of, 7 
Reciprocal diagrams, 87, 89, 146, 167 
Red-short iron, 60 
Relative strength of stanchion and 

column, 112 
Reeled riveting, 28 
Resistance to shearing, iron and steel, 

32 
Res) ting-blocks for girders, 45 
Reuleaux's formula for columns, 132 
Riga fir, 84, 85 
Rise of roof, 166, 173 
Riveted joints, 26 
Riveters pay, 35 
Rivet heads, shape of, 26 

iron, strength of, 186 

length of, 29 

Riveted joints, forms of, 27, 28 

modes of failure, 27 

Riveting gang, 35 

lap and butt joints in, 28 

Rivets, Fairbaim's rule for, 29 

holes for, 28, 29, 50 

in double shear, 33 

^ nominal and actual diameter of, 

28, 49, 147 

in web covers, 52 

pitch of, 30, 46, 50 

on bearing surfai es, 47 

shearing strength of, 32, 147 

selection of diameter, 29, 46 

tension in, 30 

Road bridges, load on, 97 

Rod of brickwork, contents of, 61 

Rolled joists, 60 

approximate weight of, 64 

Belgian, 80 

deflection of, 79 

formula for strength of, 66 

general notes on cost, 80 
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Rolled joists in concrete, 60 

• manufacture of, 60 

proportions of, 63, 67 

stodc lengths of, 78 

• sizes, 82 

■ strength of, by various rules, 

69,77 
Roller bearings for girder, 45, 51 
Rolling load, 83 

Rondelet's formula for columns, 131 
Roof coverings, 172 
Roofs, comparison of hipped and gable, 

165 
Roof truss, comparative economy of 

trussing, 170 
• diameter of pins and bolts 

for, 180 

distribution of loading on, 168 

number of bays in, 165 

' selection of type, 167 

stress diagram for, 167 

Roof trusses, cost of, 183 

distance apart of, 174 

erection of, 182 

' proportion of tee-iron in, 176 

^— rough method of designing, 

175 

weight of, 170 

^— summation of stresses in, 171 

Sacks, space occupied by, when full, 

142 
Safe bearing pressure on rivets, 33 
Safe load on bearing surfaces, 4, 21, 

43» 9i» 92, 9^» 188 

^— brick piers, 44 

brickwork, 43 

■ columns and stanchions, 109 

^— concrete, 43 

earth, 43 

granite, 43 

limestone, 43 

Portland stone, 43 

sandstone, 43 

timber, 21, 88, 91, 188 

wrought-iron struts, 178 

Safe shear stress on rivets, 147, 188 

stress on casi iron, 8, loi, 188 

Sample bar for testing, 185 

Sarking, 173 

Sawing and reversing timber, effect of, 

21 
Saw kerf, 117 
Sectional area of rivets, 147 

rolled iron from weight, 95 

Screwed ends on tie rods, 90 
Shear stress on cast iron, 12 

web, 12, 46, 52 

Shoes for roof truss, 180 



Shearing resistance of iron and steel 
rivets, 32 

Shop riveting, 37 

Sizes of balk timber, 84 

Slate battens, weight of, 173 

boarding, 173 

when necessary, 173 

Slating, countess, weight of, 173 

Slipper for girder bearing, 51 

Snow, weight of, 173 

Space required for rivets, 148 

Specification for rivet iron, 34 

tests, 185, 186, 187 

Staffordshire plates, limits of size, 20, 
52 

Staggered rivets, 28 

Stanchion, form of section, 108 

joint in, 114 

Standard of deals, 117 

Steel, average working stresses, 188 

strength of, 187 

StifTeners in cast-iron girder, 2, 12, 105 

wrought-iron girder, 55 

Stone base for stanchions and columns, 
"5, 137 

girder beds, 14, 39, 105 

Story post, 108 

Straight rafter roofs, 172 

Strength of girder by modulus of sec- 
tion, 76 

stone according to area of load- 
ing, 138 

Yorkshire iron, 34 

Stress diagram for lattice girder, 146 . 

roof truss, 167 

in flanges, cast-iron girder, 6 

wrought-iron girder, 45 

in girders from change of tem- 
perature, 51 

Struts, cast-iron, 90, 177 

comparison of fixed and jointed 

ends, 113, 177 

safe load on, 178 

Swedish timber, 84 

Tarring on wood, 94 
Teak, use of, 19 
Tempering test for steel, 187 
Tenacity of material affected by drilling 
and punching, 31 

riveted joints, 32 

Tensile strength of rivet iron, 147 

welded rods, 180 

tests of, 186, 187 

Tension bars, 179 

in rivets, 30 

Testing cast iron, 185 

girders, 107 

Test loads on rolled joists, 78 
O 
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Theorem of " Three Moments," i68 
Thickness of flange plates, 49 

flitch plates, 19, 

metal in stanchion, loS 

web plates, 46 

Tie rod in roof, sajfe load on, 180 
Tie rods and bars, 89, 90, 148, 179 
Timber, durability of, 19, 21, 93 

effect of sawing and reversing, 21 

in balk, 84 

protection from decay in, 93 

safe load on, 21, 88, 91 

strength of, 88 

, Toughness of iron and steel, 187 
Transverse strength of tee-iron, 155 

tests of, 185 

Trussed beams, 83 

stress diagram for, 87 

weight oj 86 

Trussed purlins, 83 

Ultimate compression of cast iron, 125 

tension of iron plates, 31 

rivet iron and steel, 31 

steel plates, 31 

Underbridge, 90 
Uniform section, 38 

strength, 38 

Un win's formula for columns, 133 

Vertical wind pressure on roof, 173, 
174 

Wages of pattern-makers, 1 18 

riveters, 35 

Warehouse bridge, 141 

Washers, proportions of, 92 

Web of cast-iron girder, 2, 11, 103 

wrought-iron girder, 46, 189 

Weight and cost, record of, 144 
of angle fillets in cast iron, 13 



Weight of casting from pattern, 119 

cast iron per cub. inch, 93, 119 

common rafters, 173 

countess slating, 173 

flitch beam, 18 

full sacks, 142 

iron roof trusses, 170, 173 

lattice girder bridge, 144 

men in crowds, 143 

oak, 23 

rolled iron sections, 95 

sack barrow, 142 

slate battens and boarding, 173 

snow, 173 

timber, 93 

roof trusses, 170 

trussed beam, 93 

wind on roofs, 173 

Welds, effect of, on strengUi, 180 
Whitworth standard, area bottom of 

thread, 90 
Wind bracing, 157 
pressure on roof truss, 168, 173, 

181 

ties, 182 

Wood for flitch beams, 19 
Wood-measure for bolts, 93 
Working stresses on materials, 188 
Wrought iron, average working stresses, 
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WORKS BY THE SAME AUTHOR, 



OTRAINS IN IRONWORK. A Course of Eight 

Elementary Lectures delivered at the request of 

THE Society of Engineers in their Hall in 1882-3. The 

subject is treated fully, without mathematics, and the examples 

include all the more common structures for which the stresses 

require to be determined. Crown Svo, cloth^ with ^ plates^ containing 

172 illustrations ^ 5J. 

Thii book has been widely adopted as aa introdnetorj text-book to Graphio 
Statics and Strnotnral M echanics, and is now stereotyped. 

"... For the task to which the Council invited him Mr. Adams is specially 
fitted. His thorough practical knowledge of every detail of the subject upon 
which he treated gave him unusual advantages." — Builder^ Weekly Reporter, 

"... Such a book was required by engineers who had not mastered 
sufficient mathematics to understand formulae found in more advanced treatises. 
... In the last lectures the reciprocal diagram of forces, as introduced by 
Professor Clerk-Maxwell, is explained. . . . These two lectures alone are worth 
the price of Mr. Adams' little book to the student. . . . We are happy to 
recommend the book as exhibiting the practical application of formulae to 
structures in a simple manner.*' — Building News. 

** . . .Its great point of merit, and that in which it differs from most of the 
other text-books, is that the calculations are based on simple proportion and the 
plainest of algebraical and arithmetical statements. This is exactly what is 
wanted." — Inventors* Record. 

"... Judging by the number of students who attended the lectures and the 
interest that was displayed throughout, an interest to which we can testify, the 
little volume now issued is sure to be welcomed by them." — Iron, 

"... Treats the subject in a very elementary thoi^gh clear and concise 
manner — a method of treatment which will be found particularly useful to those 
who desire to obtain a knowledge of the subject, and possess but little mathe- 
matical skill. . . . This work will be found a veiy useful and handy little book, 
containing a great amount of information in a small space, and yet entering into 
principles sufficiently to satisfy the student of the truth of the deductions, and 
thereby fix them in his memory." — The Builder. 

" . . . It is one of the clearest, if not the clearest, and most simple of handy 
books for learners, on strains in ironwork, as of roofs and girders, with which we 
have met, and although approximate methods are in a few cases employed, the 
book is exceedingly well adapted to enable students to understand with facility 
the more complete books and more complex problems dealt with in books which 
do not descend to the level of the uninstructed. No reader desirous of acquiring 
learning on this subject can fail to feel himself put well on the ladder by 
Mr. Adams* book." — Engineer. 

"... The lectures, while explaining the scientific principles on which strains 
are calculated, are of a practical character, and consequently of daily utility to the 
professional maji.^*'— English Mechanic. 

WIND PRESSURE ON ROOFS. A Paper read 

BEFORE THE SOCIETV OF ARCHITECTS IN 1 893. SeCOnd 

edition^ demy SvOy 12 pp. with folded plate^ price dd. 

" The Society of Architects has of late been unusually fortunate in securing 
for its * Transactions ' a series of papers of wide interest. One, on a subject as 
to which little information is available, was that contributed by Professor Henry 
Adams, . . • which will form an acceptable complement to his pamphlet on 
'Designing Cast and Wrought Iron Structures.*" — The Surveyor. 

" Is likely to prove useful to engineers having to design structures of any 
de<^cription which are fuUy exposed to storms. Mr. Adams is expert at simplify- 
ing strain computations." — Journal of Gas Lighting. 



rpHE STRENGTH OF IRON AND STEEL. A 

Paper read before the City of London College Science 
Society. With tables of the ultimate and working loads under 
various conditions. Demy Svo^ i6//. and folding plate^ price 6d. 

' * Contains in a concise form the leading facts connected with the results of 
testing iron and steeL . . . Students will find this little book a useful introduction 
to other treatises." — Building News 

"A very interesting and instructive paper . * . we have pleasure in 
commending to our readers a perusal of its pages." — Builder/ Reporter and 
Engineering Times, 

"Some exceedingly useful information. . . . Tables are given showing the 
strength and safe working load for iron and steel ; and the different modes of 
testing finished works, such as girders and bridges, are also described." — British 
Architect, 

•*A well written and timely brochure, , , . The charm and great value of 
Mr. Adams* teaching and lectures is in the deamess and simplicity of language ; 
whilst the use of complex algebraical problems is avoided, so that these lectures 
can be readily understood by all classes of students, builders and metal workers." 
~ Illustrated Carpenter and Builder. 

rriMBER PILING, in Foundations and other 

Works. A Paper read before the Society of Architects 
IN 1891. Second edition i demy SvOy 24 pp, with folded plcUe^ price is, 

"... In the course of his able paper the author treats his subject under the 
following heads: — (i) The material; (2) Its preparation; (3) Pile-driving; (4) 
The supporting power of piles ; (5) Examples of the use of piling. The paper is 
illustrated by a lolding plate of thirty-four diagrams, which are of great assistance 
to a proper understanding of the text" — Steamship, 

"... We need scarcely add that in the hands of such an acknowledged 
authority the information suggested by these headings is forthcoming in clear, 
compact and accurate form. In fact, within the comparatively Umited compass 
of a twenty-four page pamphlet, Professor Adams has managed to compress 
guiding principles that will be invaluable to the practical man. . . . We are not 
surprised that this exhaustive little essay should already have run into a second 
edition." — Surveyor. 

** . . , Should prove of value to all engaged in such works." — Timber Trades 
Journal. 

"... Receives ample justice at Mr. Adams' hands. • . . More than usually 
interesting, . . ," — Timber, 

"... His eminently practical paper, with its illustrations, will be perused 
with interest by those of our readers who have to do with building piers and 
dams." — Marine Engineer. 

"... Contains so much that is of practical value, that a second edition in a 
handy form is especially welcome. . . . Contractors for harbour and other public 
works should be particularly interested in Mr. Adams* carefully prepared and able 
paper.** — British Trade Journal. 

"... This is a reprint of a lecture delivered before the Society of Architects, 
and one which builders, contractors and others interested in piling will do well 
to read, as considerable instruction is to be gained. . . .** — Titnber News. 

" . . . So useful that a second edition has become necessary. We did not 
notice the paper at the time, and therefore take this opportunity of recommending 
all students of engineering construction to procure a ctipy of the reprint; and we 
can promise that whoever does so will have at command an exceedingly useful 
epitome of practical information on the subject. All that Professor Adams does in 
this way he does thoroughly— not with any display of abstruse learning, but 
keeping in view the ordinary requirements of constructors." — Journal of Gas 
Lighting. 



gANDBOOK FOR MECHANICAL ENGINEERS. 

A condensed summary of facts and formulae relating to the 
practice of Mechanical Engineering, with especial regard to the 
requirements of Students preparing for , the Examinations in 
Mechanical Engineering, Machine Construction Honours, and 
AppHed Mechanics. Third edition^ with portrait and index, cloth, 
crown Svo, xlviii. + 26^ pp., price 6s. 

"We do not know when we have seen a work with which we are more 
pleased than this." — Colliery Guardian. 

"It is just such a book as we have often felt the want o£" — Practical 
Engineer. 

" The volume contains a mine of information." — Nature, 

•• A capital book for students." — The Colliery Manager. 

" Will have a wide sphere of usefulness." — Iron. 

"Is calculated to give considerable satisfaction." — Electrical Review. 

** Beyond all praise." — Invention. 

"Clearness and conciseness are its characteristic features." — Journal of Gas 
Lighting. 

" The book is one we welcome heartily, and recommend those who have not 
yet bought axopy to do so at once." — Machinery Market. 

" As a work of reference this handbook will be found invaluable." — Engineer 
and Iron Traded Gazette. 

"A necessary addition to the mechanical engineer's handy books of 
reference." — Engineer. 

"The cream of engineering literature." — Mechanical World. 

"Just the sort of information that is constantly wanted." — British Trade 
Journal. 

" Specially written for those who require facts and opinions put before them 
as briefly as possible." — English Mechanic. 

" In the front rank of the large and ever increasing array of engineers' hand- 
books." — Science and Art. 

"Excellent collection of engineering notes ... of the Molesworth type, 
though it contains more descriptive matter." — Electrical Review (second notice). 

" We have much pleasure in commending it." — Industries. 

" Evidently the work of a master-hand." — Invention (second notice). 

" A first-rate handbook for young engineers." — Steamship. 

XJTDRAULIC HACHINERT: Past and Present. 

A Lecture delivered to the Railway Officials* 
Association in 1880. Being a historical account of Hydraulic 
Appliances from the earliest times, and especially of those designed 
by Sir William Armstrong for railway purposes. Second edition, 
demy Svo, 42 pp., with plate 0/ $1 illustrations, is. 

"It is a very readable book, and the author deals with his subject, from its 
earliest stages up to the present time, in a very clear and concise manner." — 
Mechanical Progress, 

" Full of interesting and sound information, copiously illustrated by diagrams." 
— Cabinet Makers^ Guide. 

"Mr. Adams' lecture will be read with interest, as glancing at a very 
important development of engineering." — Building News. 



rjLASS NOTES in TECHNICAL DRAWING. Sixth 

^ edition^ crown Svo, \2 pp,^ with note hook containing 96 //. of 
squared paper^ and pencil^ 6d. 

" . . .A capital form of note book for students. . . . The notes are useful 
and have been suggested by a lengthened experience in teaching. The ruled 
pages* about 7 in. by 4I in., divided into \ in. squares, are invaluable for sketch- 
ing to scale. The courses of lectures and prizes are appended. . . . Every 
architectural and engineering student should get a copy. . . ." — Building News. 

" As may be inferred from the title, this book consists mainly of ruled paper 
for notes. The notes embody all information relating to instruments required, 
tables of colours for representing different materials, and each and every item 
■which long experience has been able to suggest, in order to make attendance at 
lectures and classes a real comfort." — Science and Art, 

"This useful little vade-mecum (intended primarily for students at the College) 
contains handy class notes, the syllabus of the City of London College (City 
Polytechnic), and a quantity of useful ruled paper for students' memoranda and 
class notes." — Illustrated Carpenter and Builder, 

JOINTS IN WOODWORK. A Paper read before 
^ THE Civil and Mechanical Engineers' Society. Containing 
information upon the varieties, properties, market sizes, &c., of 
timber, the principles of designing joints, the form and arrangement 
of joints and fastenings, proportions of bolts, strength of fastenings, 
&c. Second edition^ demy Svo, 32//., witA targe p/ate 0/ So joints, is. 

** , , . The subject upon which the author treats is of so much importance to 
the joinery trade, that we think it well to draw the special attention of our readers 
to the paper. In it they will find a large amount of information, very clearly 
written, and easily understandable." — Builders^ Weekly Reporter, 

" Mr, Henry Adams has done good service not only to students, but to those 
who are in actual practice by the issue of the above handy little works, which 
form part of a series of handy books on technical work. The author is not only 
a civil engineer in full practice, but also attained high honours, and is teacher of 
mechanical engineering and building construction, &c., at the City of London 
College, and he possesses in an eminent degree the faculty of imparting his 
instructions in a clear and lucid manner. This is a rare faculty ; for many of our 
best operators and mechanics greatly lack the power of teaching, and the combina- 
tion of theory, practice, and teaching power is rare in one man. Of the little 
works before us the one on Joints in Woodwork is replete with solid information 
in a compact form, illustrated with a sheet of eighty-two diagrams of various 
forms of jointing. . . ." — Cabinet Makers^ Guide, 

"... deals at some length upon the botanical characteristics of trees, the 
classification of timber, and its application mainly for carpentiy and joinery. 
Special attention is given to the important subject oijoints^ the simplest and most 
reliable being explained in detail, with the view of counteracting tension, com- 
pression, transverse strain, torsion, and shearing. The paper is replete with 
valuable information upon the structure and formation of beams, roofs, and mis- 
cellaneous joints used in carpentry and engineering works, which is still further 
exemplified by a plate of eighty drawings." — Illustrated Carpenter and Builder. 

** . . . is a work which will be serviceable to joiners and builders. The subject 
is treated in a thoroughly able style and extensively. . . ,^^— Timber News, 

"... "We commend this work, with its sketches and diagrams, to all who 
are interested in the building trades, since its information is of the greatest import- 
ance. Mr. Adams knows his subject, and deals with it in a practical manner 
that cannot fail to impress its facts upon the memory of the student.'* — Timber 
Trades* journal. 



gUILDING CONSTRUCTION. A Key to the^ 
Examinations of the Science and Art Department. 
Containing all the questions in the Elementary and Advanced Stages 
with their diagrams, and fully worked answers with drawings ; classi- 
fied under trades and grouped according to subject, complete for the 
thirteen years, 1881-93. With copious index and cross references 
and over 300 illustrations. Crown Svo, cloth xiv. + 243 pp,,price 4J. 

Colonel Seddon, R.E., the Examiner in this snbject to the Science and Art 
Department, in acknowledging a copy of the book, says — ** It has evidently been 
compiled with great care, and will be a valuable assistance both to Teachers and 
Students." 

"Another useful text-book . . • illustrated^with many capital diagrams." — 
Daily Telegraph, 

"... Students will look upon the book as a sort of store containing all the 
answers they are likely to need for the winning of prizes and honours. As there 
are 338 problems, examiners can hardly think of a subject that is not illustrated. 
Mr. Adams, it must be allowed, has done his model answering creditably, and he 
must be a dunce who cannot cram himself with the help of the book so as to 
satisfy the kindly band of Examiners. . . ." — Architect 

** • . . In view of the general fashion nowadays to test educational ability by 
examination papers, the publication of such a book is most opportune. . . . The 
writer must know his subject thoroughly, /. e. be intimately acquainted With all 
its ramifications ; he must have taught the subject successfully, and he must be 
able to appreciate the examiners* idiosyncrasies. These qualifications are guaran- 
teed in Mr. Adams ; his recognised position in the mechanical world, and as an 
instructor for a long period at one of our well-known technical colleges, ensures 
all these qualifications. . , .'* — Science and Art. 

"... The author's extensive knowledge of the snbject and his great experi- 
ence as a teacher are admirable qualifications for the work, which appears to be 
exceedingly well done. Diagrams are all important in the study of building 
construction, and Mr. Adams leaves nothing to be desired in this respect The 
arrangement is particularly good. . . . The book is evidently a good one, and is 
sure to be studied by students and others interested in the subject.*'— Glasgow 
Jleraldi 

'* . . . Students must feel under great obligations to Mr. Henry Adams. . . . 
The diagrams are numerous, and these, coupled with the large amount of prac- 
tical information, clearly stated, provide the student with the nearest approach to 
a royal road to success that he can have.** — Leeds Mercury, 

** . . . The candidate who is going in for this examination will find Mr. Adams* 
book just what he wants . . . and the book will be a useful work of reference to 
every architect and student, apart from its immediate educational value to candi- 
dates in the examinations of the Science and Art Department.** — Building News, 

"... Both prospective competitors and teachers will find tliis manual of 
service.** — Speaker, 

"... Such a work cannot fail to be a valuable help to the ambitious 
student.**— ^'/fltr. 

" . . . As a teacher of twenty-five years' experience, Mr. Adams may be 
expected to show lucidity and terseness in his solutions, qualities so essential to 
the high success of the candidate. Consequently we not only find a complete 
record, as it were, of the Science and Art Examinations in this subject for thir- 
teen years, but we also have a corpus of information which must prove most useful 
as a ready help in preparation work as well as for reference. . . .** — Journal of 
Society of Architects, 

"... The series of technical handbooks for the student in engineering and 
architecture which have appeared under the name and seal of Professor Henry 
Adams amount almost to a small library, and entitle their author to the grateful 
remembrance of students and teachers alike. The latest addition to these valuable 
works is a key or guide to the Science and Art Department's examinations in 
building construction. ... As with ail Mr. Adamb* text-books, the work is every- 



where thoroughly careful and well done. The answers are concise, the drawings 
acoirate and clear, and in conformity with the general directions issued by the 
examiners. . . ." — School Board Chronicle. 

*• . . . Mr. Adams' book goes rather further. It prepares the student for the 
South Kensington examinations, and the long experience of the writer has shown 
him how to do this in a thoroughly satisfactory manner. Mr. Adams is at once 
an expert and a clear expositor.** — Bradford Observer, 

**The great ability of the author of this work, in the direction of practical 
lucidity, and in the preparation of coaching text-books for examination purposes^ 
is so well known that from the beginning we have no hesitation in pronouncing 
the treatise in question as amongst his happiest efforts. Mr. Adams has a unique 
power of making his subjects of palatable interest to his students without being 
superficial. His works of the kind are always eminently intelligible and abundant 
with useful hints of guidance in the smallest consistent space. • . ." — Invention. 

"The subject of building construction is here treated in a similar manner to 
that adopted by a skilful teacher of mathematics when he works out model pro- 
blems for his pupil's imitation. . . . The whole of the work, whether of bricklayer, 
slater, mason, carpenter, joiner, smith, plumber, or plasterer, is thus systemati- 
cally passed under review. . . The volume is invaluable to all earnest students^ 
and should meet with a large and ready sale. It is the useful and faithful hand- 
maid to the recognised text-books on building construction." — Schoolmaster, 

RESIGNING WROUGHT and CAST IRON STRUC- 

TUBES. First Series in Five Farts, is. 6d. each, with folded 
plates. Part I. — ^Wrought and Cast Iron Girders ; Part II. — Lattice 
Girder Bridge complete ; Part III. — (out of print) ; Part IV. — • 
Trussed Beam, Cast Iron Stanchion and Riveted Joints ; Part V. — 
Wrought Iron Roof Truss and Cast Iron Hollow Column. 

"This work is 17th in the First Prize List of * The best Hundred Books for 
an Architect's Library.' "—-Ai? Building News, ijth June, 1887. 

** Precisely the kind of book a draughtsman needs." — Mechanical World. 

" The author has a practical grasp of the subject." — Building News, 

" Will greatly assist those who are commencing to design structural ironwork.'* 
— Engineer, 

** We cordially recommend this work to our advanced students." — A, A. Notes. 

" The author has performed his task in a singularly able manner." — Builder^ 
Weekly Reporter, 

" Has succeeded in arranging it in a handy and lucid way." — Gcu World. 

" The series cannot fail to be highly useful." — Iron, 

** Original and unique, thoroughly x^vskAit^* Steamship, 

** Should be in the hands of all students and designers." — Building and Engi* 
neering Times, 

•* Gives just the information that the young draughtsman requires." — English 
Mechanic, 

"Convey a considerable amount of practical information." — Mechanical 
Progress, 

"An instructive series." — Builder. 

" Should be added to the library of all our mechanical students." — Science and 
Art, 

" Seems to be just the thing that is wanted." — Colliery Guardian, 

" Of much value to engineering students." — Railway Press, 

"Gives exactly that information which is often wanting, and can only be 
attained otherwise by long experience." — Practical Engineer, 

" We trust he will give the profession a great deal more of the same sorL" — 
Ironffwngers^ Journal, 
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Algcbrsi.— A Igedra Self-Taught By W. P. Higgs, 

M.A., D.Sc, LL.D., Assoc Inst C.E., Author of 'A Handbook of the 
Differential Calculus/ etc. Second edition, crown 8vo, cloth, 2j. dd. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities— ^"'*'-""'^*^''" — t-„«i..»:^^ — 1?« *^ xt — >: — i? — 

nents — Roots, and the T 



and Proportionate Parts— Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of the Series 
Limit of Series— Square and Cube Roots^Equations— List of Formulse^ etc. 

Architects' Handbook. — A Handbook of For- 

mula^ Tables and Memoranda^ for Architectural Surveyors and others 
engaged in Building. By J. T. Hurst, C.E. Fourteenth edition, royal 
32mo, roan, 5j. 
" It is no disparagement to the many excellent publications we refer to, to say that in our 



npact form for carrying in the pocket, measuring only 5 in. by ^ in., and about i i 
a limp cover. We congratulate the author on tiie success 01^ his laborious and pr 
compiled littie book, whicn has received unqualified and deserved praise firom every profes- 
sional person to whom we have shown it."— 7%/ Dftblin BuUdtr, 

Architecture. — Town and Country Mansions and 

Suburban Houses^ with Notes on the Sanitary and Artistic Constniction 
of Houses, illustrated by 30 plates^ containing Plans, Elevations, Per- 
spectives, and Interior Views of Executed Works in the Queen Anne, 
Classic, Old English, Adams, Jacobeaii, Louis XVI., and other Styles. 
By William Young, Author of ' Picturesque Architectural Studies.' 
Imp. 4to, cloth, lor. 6d. 
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Architecture. — The Seven Periods of English 

Architecture^ defined and illustrated. By Edmund Sharpe, M.A., 
Architect. 20 steel engravings and 7 woodcuts^ third edition, royal 8vo, 
cloth, I ax. td. 

Assaying. — The Assay ers Manual: an Abridged 

Treatise on the Dociznastic Examination of Ores and Furnace and other 
Artificial Products. By Bruno K£rl. Translated by W. T. Brannt . 
With 65 illustrations. 8vo, doth, 12s. 6d. 

Baths. — The Turkish Bath: its Design and Con- 
struction for Public and Commercial Purposes. By R. O. Allsop, 
Architect With plans and sections, 8vo, doth, 6j. 

Blasting. — Rock Blasting: a Practical Treatise on 

the means employed in Blasting Rocks for Industrial Purposes. By 
G. G. ANDRi. F.G.S., Assoc. Inst C.K With 56 illustrations and 12 
plaUs, 8to, doth, 5*. 

Boilers — A Pocket-Book for Boiler Makers and 

Steam UserSy comprising a variety of useful information for Employer 
and Workman, Government Inspectors, Board of Trade Surveyors, 
Engineers in charge of Works and Slips, Foremen of Manufactories, 
arid the general Steam-using Public. By Maurice John Sexton, 
Second edition, royal 32mo, roan, gilt edges, 5j. 

Bpilers. — The Boiler-Maker s & Iron Ship-Builders 

Companion^ comprising a series of original and carefully calculated 
tables, of the utmost utility to persons interested in the iron trades. By 
James Foden, author of 'Mechanical Tables,' etc Second edition, 
revised, with illustrations, crown 8vo, cloth, 51. 

Brass Founding. — The Practical Brass and Iron-- 

Founder^s Guide, a Treatise on the Art of Brass Founding, Moulding, the 
Metals and their Alloys, etc. By James Larkin. New edition, revised 
and greatly enlarged, crown 8vo, cloth, lar. 6cL 

Breweries. — Breweries and Mattings : their Ar- 
rangement, Construction, Machinery, and Plant By G. Scamell, 
F.R.I.B.A. Second edition, revised, enlarged, and partiy rewritten. By 
F. CoLYER, M.I.C.E,, M.I.M.E. With 20 plates, 8vo, doth, I2s, 6d. 

Brewing. — A Text Book of the Science of Brewing. 

By Edward Ralph Moritz, Chemist to the Country Brewers* Sodety, 
and George Harris Morris, Ph.D., F.C.S., F.I.C., etc. Based upon 
a course of six lectures- ddivered by E. R. Moritz at the Finsbuiy 
Technical College of the City and Guilds of J-ondon Institute. With 
plates and illustrations, Svo, cloth, i/. is. 
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Bridges. — Elementary Theory and Calculation of 

Iron Bridges and Roofs, By August Ritter, Ph.D., Professor at the 
Polytechnic School at Aix-la-Chapelle. Translated from the third 
German edition, by H. R. Sankey, CapL R.E. With 500 ilJustrationSy 
8vo, cloth, 1 5 J. 

Builders' Price Book. — Spons' Architects' and 

Builders^ Price Book, with useful Memoranda, By W. Young. Crown 
8vo, doth, red edges, 3J. 6d, Published annually. 

Building. — The Clerk of Works : a Vade-Mecum 

for all engaged in the Superintendence of Building Operations. By G. G. 
HosKiNS, F.R I.B.A. Third edition, fcap. 8vo, cloth, is. 6d, 

Building. — The Builders Clerk: a Guide to the 

Management of a Builder's Business. By Thomas Bales. Fcap. 8vo, 
doth, IS. 6d, 

Canals. — Waterways and Water Transport in 

Different Countries, With a description of the Panama, Suez, Man- 
chester, Nicaraguan, and other Canals. By J. Stephen Jeans, Author 
of 'England's Supremacy,* 'Railway Problems,' &c. Numerous illus- 
trations, 8yo, doth, 141. 

Carpentry. — The Elementary Principles of Car- 
pentry, By Thomas Tredgold. Revised from the original edition, 
and partly re-written, by John Thomas Hurst. Contained in 517 
pages of letterpress, and illustrated with 48 plates and 150 wood engrav- 
ings. Sixth edition, reprinted from the third, crown 8yo, cloih, i2j. td. 
Section I. On the Equality and Distribution of Forces— Section II. Resistance of 
Timber— Section III. Construction of Floors— Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas — Section VI. Construction of Partitions^ 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts— Section XI. Joints, Straps, and other Fastenings— Section XII. Timber. 

Chemists' Pocket Book. — A Pocket-Book for 

Chemists^ Chemical Manufacturers y Metallurgists^ Dyers^ DisHllerSf 
Brewers^ Sugar Refiners^ Photographers ^ Students^ etc, etc. By Thomas 
Bayley, Assoc. R.C. Sc. Ireland, Analytical and Consulting Chemist 
and Assaycr. Fifth edition, 481 pp., royal 32mo, roan, gilt edges, $s. 

Synopsis of Contents : 

Atomic Weights and Factors— Useful Data — Chemical Calculations— Rules for Indirect 
Analysis — Weights and Measures — Thermometers and Barometers — Chemical Physics — 
Boiling Pmnts, etc. — Solubility of Substances— Methods of Obtaining Specific Gravity— Con- 
version of Hy(h-ometers — Strength of Solutions by Specific Gravity^ — Analysis— Gas Analysis — 
Water Analysis — Qualitative Analysis and Reactions — Volumetric Ansdysi^— Manipulation — 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photograi^y, Prices. Wages, Appendix, etc., etc. t u 
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Chemistry. — Practical Work in Organic Chemistry. 

By F. W. Strkatfeild, F.LC, etc., Demonstrator of Chemistry at the 
City and Guilds of London Institutes Technical College, Finsbury. 
With a Prefatory Notice by Professor R. Meldola, F.R.S., F.I.C. 
Crown 8vo, cloth, y. 

Coal Mining. — A Glossary of Terms used in Coal 

Mining. By WiLLiAM Stukslsy Gresley, Assoc. Mem. Inst C.E., 
F.G.S., Member of the North of England Institute of Mining Engineers. 
lUustrcUtd with numenms woodcuts and diagrams^ crown 8vo, doth, 51. 

Coffee Cultivation. — Coffee: its Culture and 

Commerce in all Countries, Edited by C. G. Warnford Lock, F.L.S. 
Crown 8yo, cloth, I2s, 6d, 

A practical handbook for the Planter, treating in a thoroughly practical manner on the 
cultivation of the Plant, the management of an estate. Diseases and enemies of the Coffee 
Plant (with their prevention and cure), {^reparation of the berry for market, and statistics of 
local details of culture and production. Bibliography. 

Colonial Engineering. — Spons' Information for 

Colonial Engineers, Edited by J. T. Hurst. Demy 8vo, sewed. 

No. i» Ceylon. By Abraham Deans, C.£. 2x. 6d. 
Contents : 

Introductory Remarks— Natural Productions ^Architecture and Engineering ^Topo- 
gnqkhy. Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, r.R.G.S., F.R.C.I, With 
Map. y.6d. Contents: 

General Description of South Africa— Phvsical Geography witix reference to Engineering 
Operations — Notes on Labour and Material in Cape Colony^-Geological Notes on Ro^ 
Formation in South Africa— Engineering Instruments for Use in South Africisfc— Prindiwl 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irri^tion and Water Sup^y, Lighthouses, Drainage and Sanitary 
Engmeering, Public Buildings, Mines— Table of Woods m South Africa— Animals used for 
Draught Purposes— Statistical Notes— Table of Distances— Rates of Carriage, etc 



Na 3. India. By F. C.Danvers, Assoc. Inst C.E. With Map. ^.6d, 
Contents : 

Physical Geography of India — Building Materials— 'Roads— Railways— Bridge»—Inriga- 
tion— River Works— Harbours— Lighthouse Buildings— Native Labour— The Prindpai 
Trees of India— Money— Weights and Measures— Glossary of Indian Terms, etc. 

Concrete. — Notes on Concrete and Works in Con- 
crete; especially written to assist those engaged upon Public Works. By 
John Newman, Assoc. Mem. Inst C.E. Second Edition, revised and 
enlarged, crown Svo, cloth, 6s. 
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Depreciation of Factories. — The Depreciation 

of Factories and their Valuation. By EwiNG Matheson, Mem. Inst. 
C.E. Second edition, revised, with an Introduction by W. C. Jackson, 
Member of the Council of the Institute of Chartered Accountants. 
8vo, cloth, ^s. 6d. 

Drainage. — The Drainage of Fens and Low Lands 

by Gravitation and Steam P&wer, By W. H. Wheeler, M. Inst C.E. 
Withplatesy Svo, doth, lax. fidT.' 

Drawing, — Hints on Architectural Draughtsman^ 

ship. By G. W. TuxFORD Hallatt. Fcap. Svo, doth, u. dflf. 

Drawing. — The Draughtsman s Handbook of Plan 

and Map Drawing; including instructions for the preparation of 
Engineering, Arclutectural, and Mechanical Drawings. With numerous 
illustrations in the text^ and ^^ plates (15 printed in colours). By G. G. 
Andr^ F.G.S., Assoc. Inst. C.E. 4to, doth, 9/. 

Drawing Instruments. — A Descriptive Treatise 

on Mathematical Drawing Instruments : their construction, uses, quali- 
ties, selection, preservation, and suggestions for improvements, wiUi hints 
upon Drawing and Colouring. By W. F. Stanley, M.R.I. Sixth edition, 
with numerous illustrations^ crown Svo, doth, 51. 

Dynamo. — Dynamo-Tenders' Hand-Book. By F. 

B. Badt. With 70 illustrations. Third edition, i8mo, doth, 4r. 6</. 

Dynamo. — Theoretical Elements of Electro- 
Dynamic Machinery, By A, E. Kennelly. With illustrations^ Svo, 
doth, 4r. 6^. 

Dynamo -Electric Machinery. — Dynamo- Elec- 
tric Machinery: a Text-Book for Students of Electro-Technology. By 
SiLVANus P. Thompson, B.A., D.Sc. Svo, cloth. 

Earthwork Slips. — Earthwork Slips and Subsi- 
dences upon Public Works: Their Causes, Prevention and Reparation. 
Especially written to assist those engaged in the Construction or 
Maintenance of Railways, Docks, Canals, Waterworks, River Banks, 
Reclamation Embankments, Drainage Works, &c., &c By John 
Newman, Assoc. Mem. Inst C.E. , Author of 'Notes on Concrete,' &c. 
Crown Svo, cloth, *is, 6d, 
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Electric Bells. — Electric Bell Construction : a 

treatise on the construction of Electric Bells, Indicators, and similar 
apparatus. By F. C. Allsop, Author of * Practical Electric Bell Fitting.' 
H^tA 177 illustratiofis drawn to scale, crown 8vo, cloth, 3^. 6d. 

Electric Bells. — A Practical Treatise on the 

fitting up and maintenance of Electric Bells and all the necessary apparatus. 
By F. C. Allsop, Author of * Telephones, their Construction and Fitting.' 
Nearly 150 Illustrations, crown 8vo, cloth, y. 6d, 

Electric Lighting. — Wrinkles in Electric Lighting. 

By Vincent Stephen. IVUh illustratwns, i8mo, cloth, 2j. 6</. 

Contents : * 

1. The Electric Current and its production by Chemical means — 9. Production of Electric 
Currents by Mechanical means— 3. Dynamo-Electric Machines— 4. Electric Lamps— 
5. Lead— 6. Ship Lighting. 

Electric Telegraph. — Telegraphic Connections, 

embracing recent methods in Quadruplex Telegraphy. By Charles 
Thom and Willis H. Jones. With illustrations. Oblong 8vo, cloth, 
^s. 6d. 

Electric Testing. — A Guide for the Electric Test- 

ing of Telegraph Cables. By CoL V. HosKiCER, Royal Danish Engineers. 
Third edition, crown 8vo, cloth, 4/. 6d, 

Electric Telegraph. — A History of Electric Tele- 
graphy, to the Year 1837. Chiefly compiled from Original Sources, and 
hitherto Unpublished Documents, by J. J. Fahie, Mem. Soc. of TeL 
Engineers, and of the International Society of Electricians, Paris. Crown 
8vo, cloth, 9J. 

Electric Toys. — Electric Toys. Electric Toy- 
Making, Dynamo Building and Electric Motor Construction for 
Amateurs. By T. O'CoNOR Sloan e, Ph.D. With cuts, crown 8vo, 
cloth, 4J'. dd. 

Electrical Notes. — Practical Electrical Notes and 

Definitions for the use of Engineering Students and PracHcal Men. By 
W. Perren Maycock, Assoc. M. Inst. E.E., Instructor in Electrical 
Engineering at the Pitlake Institute, Croydon, together with the Rules 
and Regulations to be observed in Electrical InstsJlation Work. Second 
edition. Royal 32mo, cloth, red edges, 3^. 
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Electrical Tables. — Electrical Tables and Memo- 
randa, By SiLVANUs P. Thompson, D.Sc, B.A., F.R.S., and Eustace 
Thomas. In waistcoat-pocket size (2 J in. by if in.), French morocco, 
gilt edges, with numerous illustrations ^ is. 

Electrical Testing. — A Handbook of Electrical 

Testing, By H. R. Kempe, M.I.E.K Fourth edition, revised and 
enlarged, 8to, cloth, i8j. 

Electrical Testing. — A Practical Guide to the 

Testing oj Insulated Wires and Cables, By Her6eri Laws Webb, 
Member of the American Institute of Electrical Engineers, and of the 
Institution of Electrical Engineers, London. Crown Ivo, cloth, 4J. 6^. 

Electricity. — The Arithmetic of Electricity. A 

Manual of Electrical Calcula'tions by Electrical Methods. By T. 
O'CONOR Sloane. Crown 8vo, cloth, ^r. td. 

Electricity. — Short Lectures to Electrical Artisans, 

being a Course of Experimental Lectures delivered to a practical 
audience. By J. A. Fleming, M.A., D.Sc. (Lond.), Professor of Elec- 
trical Technology in University College, London. With diagrams, 
fourth edition, crown 8vo, cloth, 4^. 

Electricity. — Electricity, its Theory, Sources, and 

Applications. By John T. S Prague, M. Inst E.E. Third edition, 
thoroughly revised and extended, with numerous illustrations and tables, 
crown 8vo, cloth, 1^, 

Electricity. — Transformers : their Theory, Con- 
struction, and Application Simplified, By C. D. Haskins, Assoc. Mem. 
American Institute of Electrical Engineers. Illustrated, crown 8vo, 
cloth, 4r. (id. 

Electricity in the House — Domestic Electricity 

for Amateurs. Translated from the French of E. Hospitalier, Editor 
of "LElectricien," by C. T. Wharton, M.Inst. E.E. Numerous 
illustrations. Demy 8vo, cloth, dr. 

Contents: 

X. Production of the Electric Current— 9. Electric Bells— 3. Automatic Alarms — ^4. Domestic 
Telephones—S. Electric Clocks— 6. Electric Lighters—^. Domestic Electric Lighting- 
8. Domestic Application of the Electric Light— 9. Electric Motors— xo. Electrical Locomo- 
tion— xx. Electrotyping, Plating, and Gilding— 19. Electric Recreations*-X3. Various appU- 
caiions — ^Workshop of the Electrician. 
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Electro-Magnet.- 7%^ Electro Magnet and Electro- 

magnetic Mechanism, By SiLVANUS P. Thompson, D.Sc, F.R.S. 
With 213 illustrations. Second edition, 8vo, cloth, 15^. 

Electro-Motors. — Notes on design of Small Dy- 
namo. By Geo. Halliday, Whitworth Scholar, Professor of Engineer- 
ing at the Hartley Institute, Southampton. Plates, 8vo, cloth, 2s. 6d, 

Electro-Motors. — The practical management of 

Dynamos and Motors. By Francis B. Crocker, Professor of Electrical 
Engineering, Columbia College, New York, and Schuyler S. Wheeler, 
D.Sc. Cuts, crown 8vo, cloSi, 4^. dd. 

Engineering Drawing. — Practical Geometry^ 

Perspective and Engineering Draufing ; a Course of Descriptive Geometry 
adapted to the Requirements of the Engineering Draughtsman, including 
the determination of cast shadows and Isometric Projection, each chapter 
being followed by numerous examples; to which are added rules for 
Shading, Shade-lming, etc., t<^ether with practical instructions as to the 
Lining, Colouring, Printing, and general treatment of Engineering Draw- 
ings, with a chapter on drawing Instruments. By George S. Clarke, 
Capt. R.K Second edition, with 21 plates. 2 vols., cloth, lox. 6d. 

Engineers' Tables. — A Pocket-Book of Useful 

Formula and Memoranda for Ciml and Mechanical Engineers. By Sir 
Guilford L, Molesworth, Mem. Inst C.EI, and R. B. Molesworth. 
With numerous illustrations^ 782 pp. Twenty-third edition, 32mo, 
roan, 6s, 

Synopsis of Contents: 

Survejring, Levelling, etc.— ^trei^^th azid Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses — Floorug, Roofing, and Roof 
Trusses— Girders, Bridges, etc.— Railways and Rioads — Hydraulic Formulae— CaiuJs. Sewers, 
Waterworks, Docks— irrigation and Breakwaters — Gas, Ventilation, and Warming*— Heat, 
Light, Colour, and Sound — Gravity : Centres, Forces, and Powers— Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery — Animal Powei>-Steam and 
the Steam En^e— Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc. — ^Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion— TaUes of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc.— Useful Numbers— Differential amd Integral Calcu- 
lu*— Algebraic Signs— Telegraphic Construction and Formulae. 

Engineers' Tables. — Spons Tables and Memo- 
randa/or Engineers, By J. T. Hurst, C.E. Twelfth edition, revised and 
considerably enlarged, in waistcoat-pocket size (2f in. by 2 in.), roan, 
gilt edges, is. 

Experimental Science. — Experimental Science : 

Elementary, Practical, and Experimental Physics. By Geo. M. Hopkins. 
Illustrated by 890 engravings, 840 pp., 8vo, cloUi, ids. 
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Factories. — Our Factories, Workshops, and Ware- 
houses: their Sanitary and Fire-Resisting Arrangements. By B. H. 
Thwaite, Assoc. Mem. Inst C.£. With 183 wood engravings, crown 
8vo, doth, 9J. 

Foundations. — Notes on Cylinder Bridge Piers 

and the Well System of Foundations. By John Newman, Assoc. M. 
Inst. C.E., Svo, cloth, 6j. 

Founding. — A Practical Treatise on Casting and 

Founding, including descriptions of the modem machinery employed in 
the art. By N. £. Spretson, Engineer. Fifth edition, with 82 plates 
drawn to scale, 412 pp., demy Svo, cloth, i8j. 

Founding. — American Foundry Practice: Treat- 
ing of Loam, Dry Sand, and Green Sand Moulding, and containing a 
Practical Treatise upon the Management of Cupolas, and the Melting of 
Iron. By T. D. West, Practical Iron Moulder and Foundry Foreman. 
Second edition, with numerous illustrations, crown 8vo, cloth, Z2j. 6^. 

French Polishing. — The French - Polisher's 

Manual. By a French- Polisher; containing Timber Staining, Washing, 
Matching, Improving, Painting, Imitations, Directions for Staining, 
Sizing, Embodying, Smoothing, Spirit Varnishing, French-Polishing, 
Directions for Repolishing. TMrd edition, royal 32mo, sewed, td. 

Gas Bngines. — Gas and Petroleum Engines: a 

Practical Treatise on the Internal Combustion Engine. By Wm. Robin- 
son, M.E., Senior Demonstrator and Lecturer on Applied Mechanics, 
Physics, &c., City and Guilds of London College, Finsbury, Assoc. Mem. 
Inst. C.E., &c. Numerous illustrations. Svo, doth, 14J. 

Gas Engineering. — Manual for Gas EngineeHng 

Students, By D. Lee. i8mo, cloth, u. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F. Colyer, M. Inst. C.E. 
WUh z\ folding plates, 8vo, cloth, I2J. 6<^ 

Gold Mining. — Practical Gold-Mining: a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Ores, and the mefiods by which the Gold is extracted. By 
C. G. Warnford Lock, co- Author of • Gold: its Occurrence and Extrac- 
tion.* With 8 plates and 275 engravings in the text, 788 pp., royal Svo, 
cloth, 2/. 2s. 



lo CATALOGUE OF SCIENTIFIC BOOKS 



Graphic Statics. — The Elements of Graphic Statics. 

By Professor Karl Von Qtt, translated from the German by G. S. 
Clarkk, Capt R.E., Instructor in Mechanical Drawing, Royal Indian 
Engineering College. With 93 illustrations^ crown 8vo, doth, y. 

Graphic Statics. — The Principles of Graphic 

Statics, By George Sydenham Clarke, Capt. Royal Engineers. 
IVith 112 illustrations. Second edition, 4to, doth, I2s. 6d» 

Graphic Statics. — Mechanical Graphics. A 

Second Course of Mechanical Drawing. With Preface by Prof. Perry, 
B.Sc, F.R.S. Arranged for use in Technical and Science and- Art Insti- 
tutes, Schools and CoUeges, by George Halliday, Whitworth Scholar. 
With illustrations, 8vo, doth, 6s. 

Graphic Statics. — A New Method of Graphic 

Statics, applied in the construction of Wrought-Iron Girders, practically 
illustrated by a series of Working Drawings of modem t)rpe. By 
Edmund Olander, of the Great Western Railway, Assoc. Mem. Inst. 
C.E. Small folio, cloth, lar. 6^^. 

Hot Water. — Hot Water Supply: a Practical 

Treatise upon the Fitting of Circulating Apparatus in connection with 
Kitchen Range and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. Dye. 
With illustrations, crown 8vo, doth, y. 

Hot Water. — Hot Water Apparatus: an Ele- 
mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
the Circulation of Hot Water for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steam Coolung. By 
F. Dye. 32 illustrations^ fcap. 8vo, cloth, is. 6d. 

Household Manual. — Spons' Household Manual : 

a Treasury of Domestic Receipts and Guide for Home Management 
Demy 8vo, cloth, containing 975 pages and 250 illustrations, price 7j. (id. 

Principal Contents: 

Hints for selecting a good House—Sanitation — ^Water Supply— Ventilation and Warming 
—Lighting — Furniture and Decoration— Thieves and Fire— The Larder — Curing Foods for 
lengthened Pircservation— The Dairy— The Cellar— The Pantry— The Kitchen— Receipts for 
Dishes— The Housewife's Room— Housekeeping, Marketing— The Dining-Room— The 
Drawing-Room— The Bedroom— The Nursery— The Sick-Room— The Bath-Room— The 
Laundry— The School-Room— The Playground— The Work-Room— The Library— The 
Garden — ^The Farmyard — Small Motors— Household Law. 
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House Hunting. — Practical Hints ^ on Taking a 

House, By H. Percy Boulnois, Mem. Inst. C.E., City Engineer, 
Liverpool, Author of *The Municipal and Sanitary Engineer's Hand- 
book,' * Dirty Dustbins and Sloppy Streets,' &c. i8mo, cloth, u. 6^. 

Hydraulics. — Simple Hydraulic Formula. By 

T. W. Stone, C.E., late Resident District Engineer, Victoria Water 
Supply. Crown 8vo, cloth, 4J. 

Hydraulic yio^chin^vy.— Hydraulic Steam and 

Hand-Power Lifting and Pressing Machinery, By Frederick Colyer, 
M. Inst C.E., M. Inst M.E. Second Edition, revised and enlarged. With 
^ ^plates, 8vo, cloth, 2&f. 

Hydropathic Establishments. — The Hydro- 
pathic Establishment and its Baths, By R. O. Allsop, Architect. 
Author of * The Turkish Bath.' Illustrated with plates and sections^ Svo, 
cloth, 5j. 

Contents : 

Genera] Considerations — Requirements of the Hydropathic Establishment — Some existing 
Institutions — Baths and Treatments and the arrangement of the Bath- House — Vapour Baths 
and the Russian Bath— The Douche Room and its apph'ances — Massage and Electrical 
Treatment — Pulverisation and the Mont Dore Cure — Inhalation and the Pine Cure — ^The 
Sun Bath. 

Indicator. — Twenty Years with the Indicator. By 

Thomas Pray, Jun., C.E., M.E., Member of the American Society of 
Civil Engineers. With illt^traiions, royal Svo, cloth, 12s, 6d, 

Indicator. — A Treatise on the Richards Steam- 

Engine Indicator and the Development and Application of Force in the 
Steam-Engine, By Charles T. Porter. With illustrations. Fourth 
Edition, revised and enlarged, Svo, cloth, 9^. 

Induction Coils. — Induction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. With iiS illustrations^ crown Svo, 
cloth, 3^. dd. 

Iron. — The Mechanical and other Properties of Iron 

and Steel ift connection with their Chemical Composition, By A, Vosmaer, 
Engineer. Crown Svo, cloth, ds. 

Contents : 

The metallurgical behaviour of Carbon with Iron and Steel, also Manganese — Silicon — 
Phosphorus — Sulphur — Copper— Chromium — Titanium— Tungsten — ^Aluminium— Nickel- 
Cobalt — ^Arsenic — ^Analyses of Iron and Steel, &c 
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Iron M anuf acture . — Roll- Turning for Sections in 

Steel and Jrotiy working drawings for Rails, Sleepers, Girders, Bulbs, 
Ties, Angles, &c., also Blooming and Cogging for Plates and Billets. 
By Adam Spencer. Second etStion, with 78 large plates. Illustrations 
of nearly every dass of work in this Industry. 410, doth, i/. icxr. 

Lime and Cement. — A Manual of Lime and 

Cement^ their treatment and use in construction. By A. H. Heath. 
Crown 8vo, cloth, dr. 

Liquid Fuel. — Liquid Fuel for Mechanical and 

Industrial Purposes, Compiled by £. A. Brayley Hodgetts. With 
wood engravings. 8vo, doth, 5 x. 

Mechanics. — The Essential Elements of Practical 

Mechanics^ based on the principle of work ; designed for Engineering 
Students. By Oliver Byrne, formerly Professor of Mathematics, 
College for Civil Enrineers. Fourth edition, illustrated by numerous 
wood engravings y post ovo, doth, yj. 6t/. 

Mechanical Engineering. — Handbook for Me- 
chanical Engineers, By Henry Adams, Professor of Engineering at 
the City of London College, Mem. Inst. C.E., Mem. Inst M.E., &c 
Second edition, revised and enlarged. Crown 8vo, cloth, 6j. 

Contents : 

Fundamental Principles of Mechanics — ^Varieties and Properties of Materials — Strength 
of Materials and Structures — Pattern Making — Moulding and Founding— Forging, Welding 
and Riveting — Workshop Tools and General Machinery — ^Transmission of Power, Friction 
and Lubrication — ^Thermodynamics and Steam — Steam Boilers — ^The Steam Engine— Hy 
draulic Machinery — Electrical Engineering — Sundry Notes and Tables. 

Mechanical Engineering. — The Mechanician : 

A Treatise on the Construction and Manipulation of Tools, for the use and 
instruction of Young Engineers and Scientific Amateurs, comprising the 
Arts of Blacksmithing and Forging ; the Construction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and.Machine Processes ; Turning and Screw Cutting. 
By Cameron Knight, Engineer. Containing 1147 illustrations, and 
397 psiges of letter-press. Fourth edition, 4to, cloth, i&r. 

Mechanical Movements. — The Engineers^ Sketch- 

Book of Mechanical Movements y Devices, Appliances, Contrivances, Details 
employed in the Design and Construction of Machinery for every purpose. 
Collected from numerous Sources and from Actual Work. Classified and 
Arranged for Reference. Nearly 2000 IllustrcUions, By T. W. Barber, 
Engineer. Second Edition, 8vo, cloth, 'js, 6d, 
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Metal Plate VJotk.— Metal Plate Work: its 

Patterns and their Geometry, Also Notes on Metals and Rules in Men- 
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. Millis, M.I.M.E. Second 
edition, considerably enlarged. With numerous illustrations. Crown 
8vo, cloth, 9J. 

Metrical Tables.— Af^/Wi:^r/ Tables. By Sir G. L. 

Molesworth, M.I.C.E. same, doth, \s, 6d, 

Mill-Gearing. — A Practical Treatise on Mill-Gear- 
ings Wheels^ Shafts,, Riggers, etc. ; for the use of Engineers. By Thomas 
Box. Third edition, with ii plates. Crown 8vo, doth, yj. 6d, 

Mill - Gearing. — The Practical Millwright and 

Engineer's Ready Reckoner; or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolts, etc By Thomas Dixon. Fourth edition, i2mo, 
doth, 3J. 

Miners* Pocket-Book. — Miners Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 
Millmen, Assayers, Metallurgists, and Metal Merchants all over the 
world. By C. G. Warnford Lock, author of * Practical Gold Mining,* 
* Mining and Ore-Dressing Machinery,' &c Fcap. 8vo, roan, gilt edges, 
i2s,6d. Contents : 

Motive Power— Dams and Reservoirs — ^Transmitting Power— Weights and Measures — 
Prospecting — Boring — Drilling— Blasting— Explosives — Shaft Sinking — Pumping — Venti- 
lating—Lighting—Coal Cutting — Hauling and Hoisting — Water Softening — Stamp Batteries 
— Crushing Rolls— Jordan's Centrifugal Process— River Minings— Ore Dre^ng— Gold, Silver, 
Copper Smelting— Treatment of Ores— Coal Cleaning"— Mine Surveying— British Rocks — 
Geological Maps — Mineral Veins— Mininz Methods— Coal Seams— Minerals— Precious 



Stones — Metals and Metallic Ores — Metalliferous Minerals— Assaying — Glossary — list of 
Useful Books— Index, &c., &c., &c. 

Mining and Ore-Dressing Machinery. — By 

C. G. Warnford Lock, Author of • Practical Gold Mining.' Numerous 
illustrations, super-royal 4to, cloth, 2/. I2j. 6^. 

Mining Machinery. — Mining Machinery : a 

Descriptive Treatise on the Machinery, Tools, and other Appliances used 
in Mining. By G. G. ANDRlfc, F.G.S., Assoc. Inst C.E., Mem. of the 
Society of Engineers. Royal 4to, uniform with the Author's Treatise 
on Coal Mining, containing 1S2 plates, accurately drawn to scale, with 
descriptive text, in 2 vols., cloth, 3/. 12s, 
Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation— Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin and Lead, Iron, 
Coal, Sulf^ur, China Clay, Brick Earth, etc. 
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Municipal Engineering. — The Municipal and 

Sanitary Engineer's Handbook. By H. Pbrcy Boulnois, Mem. Inst. 
C.£., Borough Engineer, Portsmouth. With nunurous illustrations. 
Second edition, demy 8vo, cloth, 15X. 

Contents : 

The Appointment and Duties of the Town Surveyor — Traffic— Macadamised Roadways—* 
Steam RoUmg— Road Metal and Breaking — Pitched Pavements— Asphalte— Wood Pavements 
— Foon>aths — Kerbs and Gutters — Street Naming and Numbering— Street Lighting— Sewer- 
age— Ventilation of Sewers — Disposal of Sewage— House Drainage — ^Disinfection— Gas and 
Water Com]>anies, etc.. Breaking up Streets — Improvement of Private Streets— Borrowing 
Powers— Artizans' and Labourers' Dwellings— Public Conveniences— Scavenging, induding 
Street Cleansing— Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plan»— Dangerous Buildings— Hoardings— Obstructions— Improvme Street Lines— Cellar 
Openings — Public Pleasure Grounds— Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc.— Giving numerous Forms of Notices, Specifications, and 
General Information^ upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Paints. — Pigments^ Paint and Painting. A 

Practical Book for Practical Men. By George Terry. With illus- 
trationSf crown 8vo, cloth, 7^. 6d. 

Paper Manufacture. — A Text-Book of Paper- 
Making. By C. F. Cross and E. J. Bevan. With engravings^ crown 
8vo, cloth, I2J. td. 

Perfumery. — Perfumes and their Preparation^ con- 

tainining complete directions for making Handkerchief Perfumes, 
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of 
the Skin, the Mouth, the Hair, and other Toilet articles, with a detailed 
description of aromatic substances, their nature, tests of purity, and 
wholesale manufacture. By G. W. Askinson, Dr. Chem. With 32 
engravings^ 8vo, cloth, I2j. (yd. 

Perspective. Perspective^ Explained and Illus- 
trated. By G. S. Clarke, Capt R.E. WUh illustrations^ 3vo, cloth, 
y.td. 

Petroleum. — The Marine Transport of Petroleum. 

A Book for the use of Shipowners, Shipbuilders, IJnderwriters, Mer- 
chants, Captains and Officers of Petroleum-carrying Vessels. By G. H. 
Little, Editor of the * Liverpool Journal of Commerce.' Crown 8vo, 
cloth, lar. 6</. 

Phonograph. — The Phonograph, and How to Con- 

struct it. With a Chapter on Sound. By W. Gillett. With engravings 
and full working drawings ^ crown 8vo, cloth, 5j. 
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Pharmacy. — A Pocket-book for Pharmacists^ Medi- 
cal Practitioners^ students^ etc.^ etc, {British^ Colonial^ and American). By 
Thomas Bayley, Assoc. R, Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a * Pocket-book for Chemists,' *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc. 
Royid 32mo, boards, gilt edges, 6j. 

Plumbing. — Plumbing, Drainage, Water Supply 

and Hot Water Fitting, By John Smeaton, C.E., M.S.A., R.P., 
Examiner to the Worshipful Plumbers* Company. Numerous engra/vings^ 
8vo, cloth, ^s, 6d. 

Pumping Engines. — Practical Handbook on 

Direct-acting Pumping Engine and Steam Pump Construction, By 
Philip R, BjSrling. With 20 plates, crown 8vo, doth, ^s. 

Pumps. — A Practical Handbook on Pump Con- 
struction. By Philip R. Bjorling. Plates^ crown 8vo, cloth, 5J. 
Contents : 

Principle of the action of a Pump — Classification of Pumps — Description of various 
classes of Pumps — Remarks on designing Pump&— Materials Pumps should be made of for 
di£ferent kinds of Liquids — Description of various classes of Pump-valves — Materials Pump- 
valves should be made of for different kinds of Liquids — Various Qasses of Puroi>-buckets — 
On designing Pump-buckets — Various Classes of Pump-piston»— Cup-leathers — ^Air^essels — 
Rules and Formulas, &c., &c. s 

Pumps. — Pump Details. With 278 illustrations. 

By Philip R. Bjorling, author of a Practical Handbook on Pump 
Construction. Crown Svo, cloth, *js. 6d, 

Contents : 

Windbores— Foot-valves and Strainers — Clack-pieces, Bucket-door-pieces, and H'pieces 
Working-barrels and Plimger-cases — Plungers or Kams — Piston and Plunger, Bucket and 
Plunger, Buckets and Valves — Pump-rods and Spears, Spear-rod Guides, &c. — Valve-swords, 
Spindles, and Draw-hooks — Set-offs or Oflf-sets — Pipes, Pipe-joints, and Pipe-stays — Pump- 
shngs— Guide*rods and Guides, Kites, Yokes, and Connecting-rods— L Bobs, T Bobs, 
Angle or V Bobs, and Balance-beams, Rock-arms, and Fend-off Beams, Cisterns, and Tanks 
—Minor Details. 

Pumps. — Pumps and Pumping Machinery. By 

F. COLYER, Mem. Inst C.E., Mem. Inst. M.E. Part I., second edition, 
revised and enlarged, with 50 plates, Svo, cloth, i/. &f. 

Contents : 

Three-throw Lift and Well Pumps— Tonkin's Patent " Cornish " Steam Pump— Thome- 
will and Warham's Steam Pump— Water Valves — ^Water Meters— Centrifiieal Pumping 
Machinery— Airy and Anderson's Spiral Pumps — Blowing Engines — ^Air Compressors — 
Horizontal High-pressure Engines — Horizontal Compound Engines— Beidler Engine— Ver- 
tical Compciind l\imping Engines— Compound Beam Pumping Engines — dhonheyders 
Patent Regulator — Cornish Beam Engines — ^Worthington High-^uty Pumping Engine — 
Davy's Patent Differential Pumping Engine — ^Tonkin's Patent Pumping Engine— Lancashire 
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Pumps. — PumpSy Historically y Theoretically ^ and 

PracHcally Considered, By P. R. BjoRLiNO. With 156 iUustraiums, 
Crown 8vo, cloth, 7j. 6^. 

Quantities. — A Complete Set of Contract Documents 

for a Country Lodge ^ comprising Drawings, Specifications, Dimensions 
(for quantities). Abstracts, Bill of Quantities, r orm of Tender and Con- 
tract, with Notes by T. Leaning, printed in facsimile of the original 
documents, on single sheets fcap^ in linen case, lOr. 

Quantity Surveying. — Quantity Surveying. By 

J. Leaning. With 42 illustrations. Second edition, revised, crown 8vo, 
cloth, 9/. 

Contents : 



A complete Explanation of the London 

Plractice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Exunples of Treatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstractug, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 
Do. Bill of Credits. 
Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of BilL 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Survcyora^ 

with Law Reports. 
Taking Off after the Okl Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off^' in each Trade. 
Remarks on the Past and Present Methods 

(^ Estimating. 



Railway Curves. — Tables for Setting out Curves 

for Railways^ Canals^ Rocuis^ etc,y vaiying from a radius of five chains 
to three miles. By A. Kennedy and R. W. Hackwood. lUustraUd^ 
32mo, cloth, 2f . 6^. 

Roads. — The Maintenance of Macadamised Roads. 

By T. CODRINGTON, M.I.C.E., F.G.S., General Superintendent of 
County Roads for South Wales. Second edition, 8vo, cloth, 7x. 6d. 

Safety Valve. — Safety Valves : their history y ante- 

cedents^ invention^ and calculation ; including the most recent examples of 
Weighted and Spring-loaded Valves, also showing the effect of Atmo- 
spheric Pressure on Safety Valve Discs, showing the curious phenomenon 
of Balls being sustained by an inclined current of Air ; Vacuum Valves, 
and their importance in heating and boiling. By W. B. Ls Van. With 
69 engravings^ fcap. 8vo, cloth, 6x. 6^. 
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Scamping Tricks. — Scamping Tricks and Odd 

Knowledge occasionally practised upon Public Works, chronicled from the 
confessions of some old Practitioners. By John Newman, Assoc. M. 
Inst C.E., author oi * Earthwork Slips and Subsidences upon Public 
Works/ * Notes on Concrete,* &c Crown 8vo, cloth, Zf. 6d. 

Screw Cutting. — Turners' Handbook on Screw 

Cuttings Coning, etc., etc, with Tables, Examples, Gauges, and 
Formulae. By Walter Price. Fcap. 8vo, cloth, is. 

Screw Cutting. — Screw Cutting Tables for En- 
gineers and Machinists, giving the values of the different trains of Wheels 
required to produce Screws of any pitch, calculated by Lord Lindsay, 
M.P. Oblong, cloth, 2J. 

Screw Cutting. — Screw Cutting Tables^ for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for cutting the Thread^ of Screws of any required pitch, with a Table for 
making the Universal Gas-pipe Threads and Taps. By W. A. Martin, 
Engineer. Second edition, oblong, cloth, is. 

Slide Valve. — A Treatise on a Practical Method 

of Designing Slide- Valve Gears by Simple Geometrical Construction, based 
upon the principles enunciated in Euclid's Elements, and comprising the 
various forms of Plain Slide- Valve and Expansion Gearing ; together with 
Stephenson's, Gooch's, and Allan's Link-Motions, as applied either to 
reversing or to variable expansion combinations. By Edward J. Cow- 
ling Welch, Mem. Inst. M.E. Crown 8vo, cloth, 6j. 

Steam Boilers. — Steam Boilers^ their Manage- 
ment and Working on land and sea. By James Peattie. With 
illustrations, crown 8vo, cloth, 5j. 

Contents : 

Water Combustion — Incrustation — Priming — Circulation — Fitting — Stiff for Steam — Soot 
and Scale effects— Feed — Blowing out— Changing Water — Scale Prevention — Expansion of 
Boilers— Latent Heat— Firing— Banking Fires— Tube stopping— Concentration of Heat- 
Boiler Repairs — Explosions, &c., &c. 

Steam Engine. — The Steam Engine considered as 

a Thermodynamic Machine, a treatise on the Thermodynamic efiSciency 
of Steam Engines, illustrated by Tables, Diagrams, and Examples from 
Practice. By JAS. H. Cotterill, M.A., F.R.S., Professor of AppUed 
Medianics in the Royal Naval College. Second edition, revised and 
enlarged, 8vo, cloth, 15J. 
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Steam Kngine. — A Practical Treatise on the 

steam Engine^ containing Plans and Arrangements of Details for Fixed 
Steam Engines, with Essays on the Principles involved in Design and 
Constmction. By Arthur Rigg, Engineer, Member of the Society of 
Engineers and of the. Royal Institution of Great Britain. Demy 4to, 
copiously illustrated with woodcuts and 103 plates^ in one Volume. 
Second edition, cloth, 25^. 

This woik is not, in any sense, an elementary treatise, or history of the steam engine, but 
b intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical. Beam, Pumping, Winding, Portable, ^ Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicates. 
Heat ana Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Steam Kngine. — Steam Engine Management ; a 

Treatise on the Working and Management of Steam Boilers. By F. 
COLYER, M. Inst C.E., Mem. Inst. M.E. New edition, iSmo, cloth, 
3J. (>d. 

Steam Engine. — A Treatise on Modem Steam 

Engines and Boilers^ including Land, Locomotive and Marine Engines 
and Boilers, for the use of Students. By Frederick Colyer, M. Inst. 
C.E., Mem. Inst M.E. With z^ plates. 4to, cloth, I2j. dd. 

Contents : 
X. Introduction — a. Original Engines — 3. Boilers— 4. Hi^h-Pressure Beam Engines — 5. 
Cornish Beam Engines— 6. Horizontal Engines — 7. OsciUatmg Engines — 8. Vertical High- 
Pressure Engines^— 9. Special Engines— zo. Portable Engines— zx. Locomotive Engines— 
la. Marine £ngines. 

Sugar. — A Handbook for Planters and Refiners ; 

being a comprehensive Treatise on the Culture of Sugar-yielding Plants, 
and on the Manufacture, Refining, and Analysis of Cane, Palm, Maple, 
. Melon, Beet, Sorghum, Milk, and Starch Sugars ; with copious 
Statistics of their Production and Commerce, and a chapter on the 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c. ; 
B. E. R. Newlands, F.C.S., F.I.C., Mem. Council Soc. Chemical 
Industry; and J. A. R. Newlands, F.C.S., F.LC. Upwards 0/200 
illustrations and many plates ^ 8to, cloth, i/. lor. 

Surveying. — A Practical Treatise on the Science of 

Land and Engineering Surveyings Levelling^ Estimating Quantities^ etc.^ 
with a general description of the several Instruments required for Sur- 
veying, Levelling, Plotting, etc. By H. S. Merr^tt. Fourth edition, 
revised by G. W. Usill, Assoc. Mem. Inst. C.E. 41 plates^ with illus- 
trations andtabUs^ royal 8vo, cloth, I2f. (id. 
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Tables of Logarithms. — A B C Five-Figure 

Logarithms for general use. By C. J. Woodward, B.Sc. Containing 
Mantissse of numbers to 10,000. Log. Sines, Tangents, Cotangents, and 
Cosines to 10" of Arc. Together with full explanations and simple 
exercises showing use of the tables. 4r. 

Tables of Squares. — Barlow's Tables 0/ Sqtcares, 

Cubes t Square Roots, Cube Roots, Reciprocals of all Integer Numbers up to 
io,ooa Post 8vo, cloth, dr. 

Telephones. — Telephones, their Construction and 

Fitting, By F. C. Allsop. Second edition, revised and enlarged. With 
210 illustrations. Crown 8vo, doth, 5j. 

Tobacco Cultivation. — Tobacco Growing, Curing, 

and Manufacturing ; a Handbook for Planters in all parts of the world. 
Edited by C. G. Warnford Lock, F.L.S. With illustroHons. Crown 
8vo, cloth, *js, 6d. 

Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consumption of the 
principal Products of the Vegetable Kingdom. By P. L. Simmonds, 
F.L.S., F.R.C.I. New edition, revised and enlarged, 8vo, cloth, 2ij. 

Turning. — The Practice of Hand Turning in Wood, 

Jvory, Shell, etc,, with Instructions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc. ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, with wood engravings, crown 8vo, 
doth, 3J. 6d, 

• 

Valve Gears. — Treatise on Valve- Gears, with 

special consideration of the Link-Motions of Locomotive Engines. By 
Dr. GustaV Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klein, Lehigh University, Bethlehem, Pa. 
Illustrated, 8vo, doth, I2x. 6d. 

Varnish. — The practical Polish and Varnish-Maker ; 

a Treatise containing 750 practical Receipts and Formulae for the Manu- 
£Eicture of Polishes, Lacquers, Varnishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H. C. 
Standage (Practical Chemist), author of *The Artist's Manual of 
Pigments.* Crown 8vo, cloth, 6x. 
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Ventilation. — Health and Comfort in House Build- 

ing; or, Ventilation with Warm Air by Self-acting Suction Power. 
With Review of the Mode of Calculating the Draught in Hot-air Flues, 
and witii some Actual Experiments by J. Drysdale, M.D., and J. W. 
Hayward, M.D. With plates and woodcuts. Third edition, with some 
New Sections, and the whole carefully revised, Svo, doth, yx. td 

Warming and Ventilating. — A Practical 

Treatise upon Warming Buildings by Hot Water, and upon Heat and 
Heating Appliances in general ; with an inquiry respecting Ventilation, 
the cause and action of Draughts in Chinmeys and Flues, and the laws 
relating to Combustion. By Charles Hood, F.R.S., F.R.A.S., &c 
Re- written by Frederick Dye. 8vo, cloth, i^s, 

Watchwork. — Treatise o» Watchworky Pcust and 

Present, By the Rev. H. L. Nelthropp, M.A., F.S.A. With 32 
Ulustraiions^ crown 8vo, doth, dr. 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools— Time— Historical Sum- 
manr— On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal— The Duplex— The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation'— Jewelling of 
Pivot Holes— Clerkenwell— Fallacies of the Trade— Incapacity of Workmen— How to Choose 
and Use a Watch, etc 

Waterworks. — The Principles of Waterworks 

Engineering, By J. H. Tudsbery Turner, B.Sc, Hunter Medallist 
of Glasgow University, M. Inst. C.E., and A. W. Brightmore, M.Sc, 
Assoc. M. Inst. C.£. With illustrations, medium 8vo, cloth, 25^. 

Well Sinking. — Well Sinking. The modern prac- 
tice of Sinking and Boring Wells, with geological considerations and 
examples of Wells. By Ernest Spon, Assoc. Mem. Inst C.E. 
Second edition, revised and enlarged. Crown 8vo, doth, lor. 6d. 

Wiring. — Incandescent Wiring Hand-Book. By 

F. B. Badt, late ist Lieut Royal Prussian Artillery. With 41 illustra- 
tions and 5 tables. i8mo, doth, 41. 6d. 

Wood-working Factories. — On the Arrange- 
ment, Care, and Operation of Wood-working Factories and Machinery, 
forming a complete Operator's Handbook. By J. Richard, Mechanical 
Engineer. Second edition, revised, woodcuts, crown 8vo, doth, 5J. 
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8P0NS' DICTIONARY OF ENGINEERING, 

CIVIL, MECHANICAL, HILITAST, & ITAVAL, 

WITH 

Teohnioal Terms in French, German, Italian, and Spanish. 



In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414 
engravings. Any number can be had separate : Nos. i to 95 ix. each, 
post free ; Nos. 96, 97, 2J., post free. 



Complete List of all the Subjects : 



Abacus 
Adhesion .. 
Agricultural Engines 

Air-Chamber 

Air- Pump 

Algebraic Signs . . 

AUoy 

Aluminium 

Amalgamating Machine . . 
Ambulance 
Anchors .. 
Anemometer 
Angular Motion . . 
Angle-iron.. 
Angle of Friction . . 
Animal Charcoal Machine 
Antimony, 4; Anvil 
Aqueduct, 4 ; Arch 
Archimedean Screw 
Arming Press 
Armour, 5 ; Arsenic 
Artesian Well 

Artillery, 5 and 6 ; Assaying 
Atomic Weights .. 
Auger, 7; Axles .. 
Balance, 7 ; Ballast 
Bank Note Machinery 
Bam Machinery .. 
Barker's Mill 
Barometer, 8 ; Barracks 



Nos. 
.. I 
.. I 

1 and 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 
.. 2 

2 and 3 

3 and 4 
.. 3 
•• 3 
•. 4 
.. 4 
.. 4 

4 and 5 
.. 5 
.. 5 
.. 6 

6 and 7 
.. 7 
.. 7 
.. 7 

7 and 8 
.. 8 
.. 8 



Barrage 

Battery .. .. 

Bell and Bell-hanging 

Belts and Belting.. 

Bismuth 

Blast Furnace 

Blowing Machine 

Body Plan 

Boilers 

Bond •. •• ,. 

Bone Mill 

Boot-making Machinery . . 
Boring and Blasting 

Brake 

Bread Machine 
Brewing Apparatus 
Brick-making Machines .. 
Bridges 

Buffer 

Cables 

Cam, 29 ; Canal . . 
Candles 

Cement, 30; Chimney .. 
Coal Cutting and Washing Ma- 
chinery .. .. .. .. 31 

Coast Defence .. .. 31, 32 

Compasses.. .. .. ..32 

Construction .. ••32 and 33 

Cooler, 34; Copper .. •• 34 

Cork-cutting Machine . . • • 34 



Nos. 

8 and 9 

> 9 and 10 

.. 10 

10 and II 
.. II 

11 and 12 
.. 12 

12 and 13 

I3» 14. 15 
15 and 16 

.. 16 

.. 16 

16 to 19 

19 and 20 

.. 20 
20and 21 

.. 21 
21 to 28 

.. 28 

28 and 29 
..29 

29 and 30 
30 
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Corrosion 


Nos. 
34 and 35 


Cotton Machinery 


.. 35 




35 to 37 


Details of Engines 


37,38 


Displacement 


.. 38 


Distilling Apparatus 
Diving and Diving Bells 


38 and 39 


.. 39 


Docks 


39 and 40 




40 and 41 


Drawbridge 
Dredging Machine 


.. 41 


.. 41 


Dynamometer 


41 to 43 


Electro-Metallurgy 


43»44 


Engines, Varieties 


44,45 


Engines, Agricultural 


I and 2 


Engines, Marine .. 


74,75 


Engines, Screw .. 


89,90 


Engines, Stationary 


91,92 


Escapement 


45,46 


Fan 


.. 46 


File-cutting Machine 


.. 46 


Fire-arms ,. .^ 


46, 47 


Flax Machinery .. 


47,48 


Float Water-wheels 


.. 48 



Forging .. .. .. .. 48 

Founding and Casting . . 48 to 50 
Friction, 50 ; Friction, Angle of 3 
Fuel, 50; Furnace .. 50, 51 

Fuze, 51 ; Gas 51 

Gearing 51, 52 

Gearing Belt .. .. 10, 11 

Geodesy .. .. ..52 and 53 

Glass Machinery .. .. .-53 

Gold, 53, 54; Governor.. .. 54 

Gravity, 54 ; Grindstone . . 54 

Gun-carriage, 54 ; Gun Metal . . 54 



Gunnery 


54 to 56 


Gunpowder 


.. 56 


Gun Machinery .. 


56,57 


Hand Tools 


57, 58 


Hanger, 58 ; Harbour .. 


... 58 


Haulage, 58, 59 ; Hinging 


.. 59 


Hydraulics and Hydraulic Ma- 


chinery 


59 to 63 


Ice-making Machine 


.. 63 


India-rubber 


.. 63 


Indicator 


63 and 64 


Injector 


.. 64 


Iron 


64 to 67 


Iron Ship Building 


67 and 68 


Irrigation 



Nos. 
Isomorphism, 68 ; Joints .. 68 

Keels and Coal Shipping 68 and 69 
Kiln, 69 ; Knitting Madiine .. 69 
Kyanising •• .. .. ..69 

Lamp, Safety .. .. 69, 70 

Lead .. .. .. ..70 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ..71 and 72 
Limes, Mortars, and Cements .. 72 
Locks and Lock Gates •. 72,73 
Locomotive .. .. ..73 

Machine Tools .. .. 73,74 

Manganese .. .. .. 74 

Marine Engine . . • . 74 and 75 

Materials of Construction 75 and 76 
Measuring and Folding . . . . 76 

Mechanical Movements . . 76, 77 
Mercury, 77 ; Metallurgy .. 77 

Meter 77, 78 

Metric System 78 

Mills 78, 79 

Molecule, 79; Oblique Arch .. 79 
Ores, 79,80; Ovens .. ..80 

Over-shot Water-wheel .. 80, 81 
Paper Machinery . . .. ..81 

Permanent Way .. .. 81, 82 

Piles and Pile-driving . . 82 and 83 

Pipes 83, 84 

Planimeter .. .. ..84 

Pumps 84 and 85 

Quarrying 85 

Railway Engineering . . 85 and 86 

Retaining Walls 86 

Rivers, 86, 87; Rivetted Joint .. 87 

Roads 87, 88 

Roofs .. 88, 89 

Rope-making Machinery . . 89 
Scaffolding .. ., .. 89 
Screw Engines .. .. 89, 90 
Signals, 90; Silver . .. 90, 91 
Stationary Engine .. 9i, 92 
Stave-making & Cask Machinery 92 
Steel, 92 ; Sugar Mill .. 92, 93 
Surveying and Surveying Instru- 
ments 93,94 

Telegraphy .. .. 94, 95 
Testing, 95 ; Turbine .. ..95 

Ventilation .. 95, 96, 97 

Waterworks .. .. 96, 97 
Wood-working Machinery 96, 97 
Zinc 96,97 
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Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo • Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
tical detailsjTelephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

lift^ Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 
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ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A OOMFIiSTB WORE ON THE DETAILS AND ARRANGEMENT 
OF BUILDINa OONSTRUOTIGN AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aao Plates, with numerous Drawings selected from the Architecture 
of Former and Present Times. 

J%i Ddaiis and Designs are Drawn to Scale, \'\ \'\ }", and Full sise 
being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged imder the 
following heads : — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



specimen Pages ^ reduced from the originals. 
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CATALOGUE OF SCIENTIFIC BOOKS 



fViiA marly 1500 illustroHdns^ in super-royal 8vo, in 5 Divisions, cloth. 
Divisions I to 4, 13J. 6d, each ; Division 5, l^s. 6d,;oT2 vols., cloth, ^^3 io*. 

SPONS' ENCYCLOPAEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-doth, 10 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 PP- 39 figs. 
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Crown 8vo, cloth, with illustrations, 5^. 

WORKSHOP RECEIPTS, 

FIRST SERIES. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkemng, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Latmng. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

D}aiamite. 

Electro - Metallurgy — 

(Cleaning, Dipping, 

Scratch-brushing, Bat- 
teries, Baths, and 

Deposits of every 

description). 
Enamels. 
Engraving on Wood, 

Copper, Gold, Silver, 

Steel, and Stone. 
Etching and Aqua Tint. 
Firework Making — 

(Rockets, Stars, Rains, 

Gerbes, Jets, Tour- 
billons, Candles, Fires, 

Lances,Lights, Wheels, 

Fire-balloons, and 

minor Fireworks). 
Fluxes. 
Foundry Mixtures. 

Besides Receipts relating^ tlie lesser Technological matters and processes, 
such as the manufacture andus^ of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



Paper. 

Paper Hanging. 

Pointing in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o*-pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



28 



CATALOGUE OF SCIENTIFIC BOOKS 



Crown 8yo, doth, 485 pages, with illnstratioiis, ^ 

WORKSHOP RECEIPTS, 

SECOND SERIES. 

Synopsis of Contents* 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Grelatine, Glue, and Size. 
Glycerine. 
Gut 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting: embracing the preparation of 
Pigments, induding alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, caeruleum, Egyptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Schede's, Schweinfurth, titanium, verdigris, rinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paini 
(vehides, testing oils, driers, grinding, storing, applying, priming, drjdng, 
tilling, coats, brushes, surface, water-colours, removing smeU, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting' (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehides, re-vamishing, 
how to dry paint ; woodwork painting). 



PUBLISHED BY E. & F. N. SPON. 



29 



Crown 8vo, cloth, 480 pages, with 183 illustrations, 5^. 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



Uniform with the First and Second Series. 



Synopsis of Coktents. 



AUoys. 


Iridium. 


Rubidium. 


Aluminium. 


Iron and SteeL 


Ruthenium. 


Antimony. 


Lacquers and Lacquering. 


Selenium. 


Barium. 


Lanthanum. 


Silver. 


Beryllium. 


Lead. 


Slag. 


Bismuth. 


Lithium. 


Sodium. 


Cadmium. 


Lubricants. 


Strontium. 


Caesium. 


Magnesium. 


Tantalum. 


Calcium. 


Manganese. 


Terbium. 


Cerium. 


Mercury. 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt 


Molybdenum. 


Tin. 


Copper. 


Nickel 


Titanium. 


Didymium. 


Niobium. 


Tungsten. 


Enamels and Glazes. 


Osmium. 


Uranium. 


Erbium. 


Palladium. 


Vanadium. 


Gallium. 


Platinum. 


Yttrium. 


Glass. 


Potassium. 


Zinc. 


Gold. 


Rhodium. 


Zirconium. 


Indium. 







Electrics. — Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- 
phones, Measuring, Phonographs, Telephones, &c., 130 pp., 112 illustrations. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

OEYOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 

250 Hlostratioiis, with Oompleto Imdez, and a Gheneral Index to the 
Tour Series, 5i. 



Waterproofing — rubber goods, caprammoniom processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, of a deliquescent 

character, liable to ignition, apt to suffer from insects or damp, or easily 

broken. 
Embalming and Preserving anatomical specimens. 
Leather Polishes. 
Cooling Air and Water, producing low temperatures, making ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance, for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — ^air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — ^the preservation, tuning, and repair of pianos, 
harmoniums, musical boxes, etc. 

Clock and Watch Mending — ^adapted for intelligent amateurs. 

Photography — ^recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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Crown 8vo, cloth, with 373 illustrations, price 5j. 

WORKSHOP RECEIPTS. 

FIFTH SERIES. 

taining many new Articles, as well as additions to Articles included 
the previous Series, as follows, viz. : — 



Conti 



in 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lucida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of M6tal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etchings Frosting, 
Powdering, &c 



Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding, 

Enamels for Iron and other Metals, 

Gold Beating, Smiths* Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c. 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereot3rping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Wat^proofing. 
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In demy 8vo, clothe 600 pages and 1420 illustrations, 6s. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 

Contents. 
Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron— Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — ^Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
countries. 

E. & F. N. SFON, 126 Strand, London. 

New York : 12 Cortlandt Street. 



LONDON : PRINTBD BY WILLIAM CLOWES AND SONS. LIMITED, STAMFORD STXBBT 
AND CHARING CROSS. 
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